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PART III. 



SPECIAL CONSTBUCTION. 

The Charing Cross Suspension Bridge, 

Charing Gross Suspension Bridge, which has lately been 
itmcted over the Thames by Mr. Brunei, has been 
pielected, as affording one of the latest and by far the best 
iple which could be found of this kind of bridge. 
The general dimensions, of this bridge have been given in 
.the table at page 147 of the Second Part ; and the details of 
construction are exhibited in the accompanying plates, 
[llgB. 106 to 118. It has been explained in the First Part*, 
that in order that the chains of a suspension bridge should 
be equally straine^ throughout, their sectional area should vary 
according to the inclination of the chain, being greatest ftt the 
piers, where the chains are most inclined, and least in the 
center, "where they are horizontal. Charing Cross Bridge is, 
however, the only one of all those mentioned in the table 
which has the area of its chains thus varied, according to the 
varying strain ; in all the others the chains are parallel, or of 
equal sectional area throughout ; but in the case of the Charing 
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Gross Bridge, the chains Tttrj from Q96 square inches in ^| 
center to 312 square inches near the piers. ^H 

The bridge consists of three openings, that in the ce^^J 
which has a span of 67fl'& feet, forming a complete catei^H 
and the two eide ones, which are each 339-9 feet, forming ^^| 
catenaries. The superstructure of one of the piers is al^H 
in elevation in fig. lOQ ; and fig. 106 is a transverse ee^H 
upon th^ Ijnq c D E F, ii{|. iOO, of ope of the piers s<I^H 
affording also a longitudinal section of a portion of the ^^M 
form, a transverse section of which is shown in the pret^H 
figure ; a. longitudinal section of the lower portion of tha^H 
is given in fig. 107, and a scctiona] plan of the same i>^H 
108; while fig. 109 exliibits two horiitontal sections o^^| 
superstructure of the piers, that on the right hand ^^| 
taken through the hasement below the platfoi'm, and tho^H 
the left hand through the pier above the same. Prom ^^M 
it will be seen that the whole of the pier is constructed ^^| 
the principle which we advocated for those of all Idn^^l 
bridges, namely, tliot of beiug formed hollow, in su^H 
manner as to combine the requisite size of base to ui^H 
stability, with as little weight as possible, llad the pia^H 
this bridge been built solid, instead of as they have b^l 
their weight would have been increased in the proportinifl 
to 1-7. By an examination of the iections, hgs. 108 jH 

109, it will be seen tbat the weight of the chains is reca^H 
id transmitted to the lower part of the pier by four B^^H 

tillars or piers of brickworli, each side of which is 7 nM 
id wliich form the angles or corners of the cam3 
panile tower. These piers are steadied and connected toga-j 
ther by the walls of tbe same, except where the latter aifl 
pierced to form windows or doorways, Below the platforM 
the dimensions of these piers are somewhat incraaeed, u 
ehown in the right-hand half of the sections, figs. 106 anv 
IDO. The foundation of these piers below the basement is 
formed by a solid moss of brickwork, 7 feet 6 inches wide, 
running entu-ely across the piers, as shown in figa. 107 and 
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I be seen, by a reference to fig. 113, that the oIm 
fcilfhere it entere the abutment is nearly horizontal, and, thoi 
I Ibre, so is also the direction of the strain which it prodocM 
F tending to pull the abntment forwards into the river. Tl 
tendency is, however, counteracted in a great degree hy tl 
very judicious manner in which the piles are arranged. I 
the abutment of an ordinary bridge it is usual to make tl 
piles slope towards the arch, so as to receive its thrust neu 
perpendicularly ; in this case, however, the nature of the etn 
is quite different, and. were the piles driven in the ordtnei 
manner, they would have ofiered hut comparatively a. slig 
resistance. In this case, therefore, they have been made 1 
elope in the contrary direction, or away from the river, i 
ahown in the section 113, so that the abutment cannot moT 
forvcards, in the direction in which the chains solicit it, witl 
out forcing every pile to move in the same direction, and ooi 
Beijuently to assume a less inclined position, in doing whicl 
sa they may he supposed to turn upon their lower extremit 
' as a center, it is obvious that they would have to lift or raia 
the whole mass of the abutment bodily, which would requii 
an enormous force, in addition to that necessary to overcota 
the resistance which the ground would appose to the motio 
of the piles, by its pressure against their front surfaces. 
Aa, therefore, the weight of the abutment in this case ndc 
' to its stability, it was formed nearly of one solid mass; but ( 
the cost of BO large a quantity of brickwork would have bee 
TOry considerable, it was formed hollow, as shown in the sei 
tiona, figs. 113 and IM, and the spaces thus left were fille 
in with concrete. The space in which the north abutmen 
had to be built being limited by the proximity of the HungeP 
ford Market, the piles were carried out beneath the level o 
the shore in front of the abutment, as shown in fig. 113, th^ 
pressure beiug distributed over them by the manner in whid 
the brickwork was stepped down. 

Before explaining the manner in which the main chaim 
were secured to the abutments, it will be well to describe Hu 
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jhains themselveB. By an iospection of flg. 104, it ^vitl be 
seen tliat there are four separate chuns, two on either side of 
the platform, being placed one above the other, and having 
Ihe Buspending rods bj which the roadway is supported con- 
nected with both chaiua, iu such a manner that each receives 
KB equal portion of its strain. Fig, IIO is a Bide view of a 
»hort portion of one pair of chains, broken in the middle to 
' ■'""iri:l spac« for the transverse section of the same, flg. ] 
■ lig. 112 is a plan of the upper chain, Each chain c 

of ten and eleven hnlts alternately : these, a a, are of 
i^^zlit iron, 7 inches in deptb, and of such a thickuesa 
lit an inch) as to give the requisite soctioual area, whicfa, 
! 1 eady slated, varies with the inclination of the chain. 
'. j<3 tiulis are teiToinated at each end by an enlarged part, 
iiroagU which an eye or hole for the reception of the 
lUng pin was drilled, the distance apart of the centers of the 
holes beiug exactly 24 feet. The links of one porti 
chain being arranged parallel to each other, with their 
fes in the same straight lino, and with about an inch apace 
Iween them, those of the adjoining portion of the chain 
e introduced between them, so as to bring the eyes of the 
Uter in the same straight line with those of the former, 
then a wrought-iron pin, b, 4* inches in diameter, is passed 
bniugh them, and the chains are thus securely connected 
ad coupled together; the pins are prevented from falling 
Bt by a cast-iron nut, c, screwed on to each end, as shown 
I the iigures. This method of connectiug the chains is 
great improvement upon that which had always previously 
ten employed, and which consisted in having the same 
nunber of links in every portion of the chain, and connect- 
Ig them together by means of short coupling links ; in thia 
■ pins were required at every .joint, and conse- 
iy double the number which were employed by the 
here adopted. The links, as before stated, are 
i feet ia length : but the chains are so arranged that the 
of the upper chain are precisely midway between those 
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par One, ami aa tlia suapeodiog rods Bra attac 

it, their ilistaace apart ia only 13 feet, u 

Id fig. lOt), Everf one of theao Buspending rods is at 

to both abaiuB in the following maDner : the end of the 

III formed with a forked head (as ahown in fig. Ill), 
fembraoea the lower part of a triangnlai- piece of wrougl 
I) with whicli it is oonQected by a pin, /. This trit 
|4eae ia supported at each end by two small liulcs, j 
hh; the former have eyes of sullidenC sino to adn 
coupliug pin, b, of the maiii chaina, and are placed b 
the two ceuler Units of the aame, tlie pin, b, passing 
J tbem, OB ahown in figs. Ill and U3 ; the latter, A 
I Weared by the piu, i, to two abort bolts, k k, pasaing 
ftn iron bar, I, which lies across the whole of the liaka 
Other chain, and by cieauB of which they are 
receive a uniform weight, The pin/ being exactly midi 
between the points of attachment uf the links g and A, I 
weight of the suspending rod, c, and ita load, is n]iil 
divided between them, and therefore between the two ' 
to which they are connected. 

We will now describe the manner in which Uh 

IShoina are secui-ed to the ebutments, Tbey approadl 
fcearly ho ri ion tally, aa ahown in fig. 113, in which 
tbey prooeed for about 10 feet, after which they are 
dip Ht about an angle of 37 degrees, passing dowti thro) 
f«0 tuuuela, c c, to the lower part of the back of the tl 
mentB, where they are accurely held by strong keys, dflr 
through mortiaed holes in the ends of the links, and 
bear against twelve plates, D, placed between the links, I 
resting against tWD east-iron girders, & v., firmly built into 
Solid briokwork, At the point where the direction of 
Ohoins is altered, both chains are connected to deep link^l 
^^ the bottoma of which are ilat, and rest upon a oaat-iron 
^^Ls, as ahown upon a larger scale in figs, it5(t and II66, forai 
^^h kind of saddle. Between the bricknurk and these caet 
^^■m4 plates e. layer of Bereral thiekneaaee of felt dipped 
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be tlie samo as that 
of the shaft, and 
its breadth may be 
made greai^r. as 
shown in the 
figures, bo as to 
project into the 
ground and assist 
in Bapporting the 
structure. As the 
curb becomes a 
part of tliB per- 
manent woric, it 
ehould be of oak 
or elm timber of 
the best quality. 
The curb being placed, the wall o 
should be proceeded with, especial c 
the ground firmly on the outer side, 
vacuity : indeed it is impossibli 
and ether subterranean works, t 
prevent the slightE 
but, 




: lining {bb)oI 
ire being taken 
m as to leave a 
, in all operattoDs i 
) pay too much a 
; vacuity between the work and thi 
n the contrary, whenever the ground is at all lot 
posed to move, every inch of surface should bo well a 
and not only supported, but well strutted against, 
maintain an active pressure at all times against it 
as the brickwork forming the lining has been carriecE 
level of the ground, and the earth securely rammed i 
in behind it, the excavation for a second length mi^ 
ceeded with. This, however, must be done with c 
as not to endanger the stability of the portion already 
undermining its foundation. We must first carry 
excavation in the center of the interior of the sha$ 
sufficient ground under tlie curb safely to support it j 
then cautiously remove the ground from under the cii 
opposite points, leaving the intermediate groimd to fi 




IOC, fig. i^6. 
be in tbe 

8M»nd curb; 
be spiked to 

Qtb, to s 
' BlippiBg oat 
Md shoold rest 

CT extrsEiiity upon a broaxl sole piece, u d d, to pre- 
Sinking into the ground. The props having been 
kthe remainder of the ground may be removed, a 
It, Bimilar in eyerj respect to the former, laid at thg 

on, sod tbc Kniug DroiHKwtjTS'proceedOT^ 
I spaces between the timber etnits, in the manner 
Upon the brickwork being brought op to 
ide of the first curb, great c«re should be taken in 
lingup the space, so that the curb may have a firm 

bed upon the brickwork below it. The props or 
ithen be removed, and the brickwork completed in 
wluoh they had occupied. The escavation should 
rooeeded with, and the various operatioDa already 
lepeated until the sliaft has attained the required 
le mode of building shafia wbich has just been 
I teehnicallj termed underpinning. 
pd method is frequeullj employed in sinking wells, 
Ivrays be adopted when tbe soil is too loose or full 
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of water to allow of an open 
excavation being made with 
safety. ItcouBiatsinformiug 
tba curb as ehowa at Ai, 
fig. 197, with a sharp edge 
or liu, iuHlead of liaviag a 
broad flat surface, as in the 
formet cbeo ; upon this curb 
ihe \itick^-\. t>f the ihaft la 
to ba-'uuilt BH befurg until 
caMed Up to the level bt 
theaurface. The expatatloa 
witfaiii the ehuft 1» then td 
be proceeded with, the wbold of the ground being ia< 
romaVed from UMAet tbe curb, (vhich, being thus li ~ 
suppert, aad beiug loaded with tlie weight of the ll 
upou it, will gradually' descend ; and tLus, as the exoi 
carried don'n, the curb will follow, and as it sinks 
must be carried up, so as to maiutain it level with tfi 
of the ground. The priucipal care required iu 1^i|| 
"sinking sbafts is, to avoid one aide of the curb descend 
rapidly than the opposite one, by which the shaft 

Tlll^nn out-trf-tii^ po.j,oi.dloi.ilar, nnrl BQ Ulliell reSittfl 

eionad its poBBibl/ to prevent its further descent. S, 
management, liowever, in the removal of the gfoi 
beneath the curb, this may be usually avoided; a 
earth-bouud, the shaft may frequently be set £r6Q 
pouring wUter around it, bo as to soften the groui 
outer side. A very good preoaulion against a shaft 1 
earth-bound, is, to build it slightly tapermg 
] tapering, however, should not be too consideiaUet 
the space left around it by the descent of the shaft 
sufBcient to looaen and dislocate the surrounding gfO 
The brick shaft having, by one or other of tbea 
been carried down to within a few feet of the top olt 
tended tunnel, the excavation should then b« 
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latter a horizontal section. Previously, however, tt 
Aova the extavation below the brickwork of tba s] 
means must he adopted for its support, as the mere 
the ground against its exterior surface would not be 
to sustain its weight. It is therefore necessery eith 
port it hy introducing timbers underneath it, as aho 
in fig. 128, or to suspend it by rods secured to timb< 
on the surface of the ground, as showu at n b. 



Fig.l 



A small driftway or heading 
should now be commenced about 
the level of tho bottom of the 
tunnel, and having a sufficient 
inclination given to it to enuble 
any water met with to drain into 
the bottom of the shaft, which 
thus becomes a well or sumpt for 
the drainage of tho works, and 
from which the water may easily 
be removed by any of the usual 
methods. The dimensions of the 
heading should be sufQcient to 
enable a man to work in it with- 
out inconvenience. The usual size 
B about 3 feet wide and 5 or G feet ii 
he secured with timber, as shown ir 
fig. 130. 

Fig. 131 is a longitudinal section of a portion of 
in progress of construction. c, is tho driftway, 
been carried forward to meet that from the next 
as to form a continuous means of communicutioo I 
to shaft, the importance of which is considerable il 
the direction and level of the tunnel to he set c 
chance of error. 

These preliminary works having been comp]eted| 
form and dimensions of the tunnel determined, the < 
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and 132. The loDgitadinal dmbets, a a, are termed h 
the tranereiM planks, b 6, polm§$. The length thus ea 
at a time must depend npon the qoalitj of the groo 
as it is always desiiable that the snrfiioe of the gnnm< 
he exposed to the atmospheric influence for m abort i 
possible, it is not proper to proceed too Ux before i 
the brickwork. 

To insure the brickwork of the tunnel being true : 
curved templates are used for the invert and aides, i 
upper portion is turned upon a center sfanilar to tl 
ployed for turning the arcbea of bridges. Ae the h 
proceeds, the bars and polings must be earefiilly remn 
any vacuity thus left must be filled with earth well 
in, so ai to prevent any settlement of the ground, whi 
occasion unequal strains upon the body of the tnnnel 
most strata some amount of settlement will take plai 
superincumbent ground before the brickwork can h 
the timber and polings should be placed a few inch 
the top of the tunnel. 

As soon as a length of brickwork has been got in 
side of the shaft, the temporary timber work of tl 
portion of the gbaft should be carefUly removed, th< 
excavated to the true form of the tunnel, and the b; 
introduced, being securely bonded with and conneotec 
already built on either side, and the brickwork of 1 
being carried down to meet that of the tunnel. W 
1ms been properly effected, much of the danger and ( 
of tbe work may be considered as having been surn 
The excavation of the face of the work must then 
coedod with, the top and as much of the sides of t 
being supported by polings as may be found necessa] 
ciul care being taken to prevent any disruption or m< 
of the ground. When the faces of the two opposite v 
approach witliin a short distance of each other, great 
is neoesaaiy to avoid the thin partition of ground be 
turbed. When sandy or other loose strata containic 
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Bof water are met with, peculiar precautions must 

) prevent the loose ground heing washed in with 

t, which would occasion cavities to be left in the eur- 

; it would, however, be equally dangerous to 

I and confine the water, and therefore such means 

^sorted to aa will permit tlie water to percolate inCa 

bill prevent. the ground being brought with U ' a< 

S and effectual mode, under ordinary circumstaiices, 

it straw into anj opening from whence muddy water 

D proceed. 

rapletion of the tuuuei it is UesiraLle tiiat the 
hild be kept open, to afford light and the niaani of 
; but, lu order to avoid accidents, It ia advisable to 
the biiokwork lo a height of 8 or 10 feet above the 
f the ground, and to cover the opening or mouth 

a grating, 

I the strata through which the tunnel has besa con- 
Wntatn much water, a certain portion will be found 
Bte the brickwork, however carefully built, and In 

a imall drain or culvert should be formed 
f or lowest part of the mvert. 
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Hodi ttfcomtnicling sulaqueoui Tunneh, 
ill now proceed to deaoribe gencmlly the mode 
I the conatruction of the tunnel under tjae Thames 
totherhithe and Wappiiig. I'be form of the tunnel 
nderstood by a reference ta fig. 1<)fl, from which it 
9a that the external form is rectangular, the reason 
Fu, tliAt the BtratA being borUontal, and, from tlwir 
to the rifsr, suhieotAd to eonatantly varying prea- 
B considered that a circular stmoture would have 
lei to very irregular strains. The archway was 
llle, in order that can'iages might not have to meet 
D the same opening, and the center or partition wall 
i was pierced with frequent arches, as shown in the 




Itmgitotliuftl seciioii, fly. 134. which serve as a i 
ntunicatiou letween tlie two an-bways, and 
ploasing architectural Mature in the tamieh 
The external dtmensionB of the excaratioii i 




2S6tKltXItn«i. 




"t 1 inthes andin breadth 37 feet ti i k s ; its total leugtb 

...iiii lauo feet. The height of the Brehway is 17 feet, and 

.i.lthof each on the epriuging line 14 feet; ihe upper por- 

■: ]i semicircular in farm, and the side walls aud invert seg- 

meutftl. The tunnel is built principally in half-brick riuga, 

^ thicknees of the brickwork at the crown of the arch beiug 

U feet inches, aud the same below the invert, which is laid 

' I ^-inch elm planks. The externa] piers are each 3 feet 

. (lu the springing line, and the center pier is II feet 6 

3, The right-hand half of the section, fig, 133, exhibits 

i.jiide in which the bricks were arranged wlieu working in 

li rings, aud the left-hand half when J^-inch work wag 

'iiyod. Tlie tunnel was built of the hardest picked stock 

- , laid in Romaji cement of i!ie best quality, those portions 

■ worit vluch were most exposed to the action of the water 

_ laid in pure cement, and the other portions in half | 

lii and half pure sharp sand. The bricks for the semi- 

'iir arclies are made in a wedge fonu, so as to prodvwa | 

(r. section, fig. 133, is taken in the center of the tunnel, 
' I.' deepest part, showing the order and position of the 
in strata met with, as they would hiive been found if 
...^ had not been disturbed; from the constant runs of loose 
■nd and the action of the water, espeuially on the Wapping 
ide of the river, the strata, however, were usually found con- 
i>i«mbly distocMed and disturbed. In the section, Hg. )98, 



I (t is a stratum of saiid, gravel, mud, and river depoaitn 
■ bed of clay, of a reddish-brown colour; c, r etraUuQ ofl 
I mixed with silt : i, a thin layer of silt very full of aha 
f a stratum of stiff blue clay ; /, a bed of clay of a mors 
tied cliaraoter, conUiuitig a portion of silt and ft DUtd 
sheila : g. a strntum of induratsd clay, which at Uues ■ 
hard as to require wedges to bnak it up ; h, t twd of I 
and sand of a green colour; and i, a aimilar itnitua 
somewhat coarBsr. ■ 

The tunnel was commenced on tbe Eotherhithe n 
the river in the year 18-36, the shaft having been beguijl 
in the previous year. Tbe mode adopted in the sinldl 
the abaft was similar to tliat laat deacribed, the htid 
being built upon a sharp-edged curb, which deaoandflfl 
dually as the ground was removed from under It. ■ 
however, tbe shaft bad thus been sunk t^i a depth of 36 m 
became earth<bouud, and, althaugh loaded with a conaidi 
extraneous weight, aud the water allowed to rise in tha 
vation for the purpose of softening the ground, no fl 
movemeut took place ; it was tliereforo determined tia 
plete it by underpinning in the manner already deaciibH 
this, after much trouble and difliculty, arising from tliM 
nature of the ground, was successfully accomplished. I 
the shaft was aunli on the opposite or Wapping eidfl ■ 
river, the difficultiBB which had been encountered in tbd 
ing of tbe former one were provided against, and the m 
tion so Euccessfully performed that tbe shaft was sunkfl 
entire depth (upwards of 73 feet) without beoomingj 
bound ; this was pvincipdly owing to the shaft beinM 
larger in diameter at its lower end, and the casb-inn 
being made of great alrength. I 

Oui' limila will not permit, aud tbe object of the g 
work does not require, om' giving a detailed acoountV 
many casualties and difliculties vrhich were experienosM 
course of tbe work; we shall content ourselves with a g| 
description of the mode iu which the tunnel vras ooDotfl 



r the reader who requires furthor details to the me' '1 
f the Thames Tunuel iu Wealc's " Quarter]; Papers J 
inwritig." 
t mode of securing the ground already described as J 
femplojed in tho case of ordinary tunnels, would have I 
a quite inadequate to support the ground and the ei 
five and conBtantly- varying pressure occasioned by the ri 
'^- meet the special requirements of the ease, Sir iBambart ■ 
litii devised a machine, constructed entirely of iron, and 
"liginal in ita character as to enable him to secure the 
> Bi.ion by letters patent. It occupied a space of about 
-t in adTance of tho brickwork, and conaiated of twelve dis- 
. ■■- frames, each about 3 feet in width and S2 feet in height, 
jiii side by Bide, like the books on the shelves of a hookcaae. 

■ li of tbese frames was divided vertically into three cells by 
: nun floor-plates, so that the whole shield consisted of 

■ if-lls. The roof and sideg were secured by a numher of 
'li.ir jw plates of metal, overlapping the portion of the brick- 
^'Jtk already built, and entering the ground in advance of the | 
"urk; while the face of the excavation was secured by timber I 

■ jwiiiijs so accurately fitted as to leave no aperture whatever I 
rUtoagh which loose sand or other strata could find their way. J 
P The following brief description of the shield, and the n 
'filing it, is extracted from Weale's "London Exhibited:" — ■ 1 
It will at once be seen how admirably the shield was J 
iitrid for the duties which it had to perform; the chief of 1 
- ■ was, obviously, to support the ground, but a quality 
' 'lly essential was, tho power of being easily advanced or 
il forward, as the tunnel progressed. Now, by its divi- 

■ into IVames, these two objects were at once attained, for 
ivliole was so contrived that, while six alternate frames j 

■ '. engaged in sustaining the pi'essure of tho ground, the I 
iiiLarmediate frames were relieved entirely from all pres- 

■ , and left free to be moved forward without resistance. 1 
T':, in their turn, then- became the pressure- bearers, 1 
:-'.ing those which had previously relieved them i 



similar matmer, and enabling them to be advanced without 
^Senl^. 

. '"It has been already said that the shield, as first designed 
by Sir Isambart, bore a considerable resemblance to the 
Trerm from which the first idea ivas derived : but the present 
shield has much more aptly been compared with a man, to 
nhom, iu its general organization, each of these " frames " or 
divigions hears a resemhlance ; haying legs with both a knee 
Mid ankle-joint, with which it alternately steps or walks on in 
tdvance of the brick structure ; arms, with which it supports 
>nd steadies itself, or lends assistance to Its neighbours when 
tbey require it; and a head, for supporting the superin- 
Minibent earth, which can be raised or depressed, or altered 
in its direction, aa circumstances may require.'* 

"Fig. 135 affords a view of the ihreo left-hand frames of 
tiia ahield, as seen from the tunnel, the third frame being 
BliDwn iu section, in order that the mechanism may be more 
tlterly seen: and fig. 136 is a section taken through the 
Wine frame, in a line parallel with the direction of the tun- 
Del, or perpendicular to that shown in fig. 135. The sides 
»f ihe boxes, or frames, are formed by strong castings, A a, 
Bewrely boiled to the floor-plates, b b, which, as already ei- 
ploined, serred to separate every frame into three stories, or 
Uies. The middle boxes were stiffened, both transversely 
tod longitudinally, by wrought-iron stays or struts, a c and 
bD; and tlie shield was strengthened at the back by two 
WOBght-iron straps, e e, which extended from the top to the 
bottom of both sides of each frame, passing through the 
mlerraediate floor-plates. The framings of the upper and 
lower boxes were sloped away at the hack, as shown in fig. 
188, to allow more room for ihe bricklayers in putting in the 
■rickwork. The lower part of the bottom boi was secured 
iy a wroughl-iron stay or framing, p and a, and the upper 

■ A Memoir of iho Tlinma* Tunnel, in Weale'i "Qaanrrly Pnpert o 
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p4rt of the top box by two Bimilar framings of wrought iron, H 

BI, £aoh frftfflfl wftg supported upon two long jack-wrewB, 
^ich. from the duty thoy had to porform, were termed 
r^« lower extremities of these jacks rested upoa etrong 
wnaght-Iron plates, i, t. termed shots, whose objeat was, to J 
diitributa the weight of the frames, together with the presaurB 1 
of the supevincumhent earth, over a lai^e surface or base ;, ' 
lieneath these shoes a flooiing of elm plants, .5 inohes in thiok- 
neaa, was laid, upon which the brickwork of the tunnel was 
built, after the ground beneath them had been compressed by 
tli« weight of the shield passing over them. The leg was 
Uttocbed f« the ehoe by a species of ankle-joint, e, resembling I 
in principle the method adopted for mounting mariv 
iiaaaeg, wliich allowed the shoe to adjust itself readily to any ■ 
quality in the ground. At the upper part of the leg was 
' knee-joint h, about which it turned in the act of stepping 
■s^ird : the length of the leg could be varied at pleasure, by 
!ii'i of the screw at m, tamed by the capstan-head a 

■ lu second auxiliary one in the middle bo](, n. 
The frames were also provided with slings, or arn 

conaiiting of strong wrought-iron bars, attached at their upper 

IBlremities to the floor-plates of the odd-flumbered frames, and 
W their lower estremittea to the floor-platei of the even-n 
tmd frames; the attachment consisting in an eye- fitting to 
*iiimulftr pin projecting from the side of the floor-plates, so 
*t tu allow a freedom of motion about these pins as a center. 
""rii' upper and lower estremitiea of the slings consisted of 
' -oparato bars of metal connected by two plates or cheeks, 
iiLi either side, through which, and the slings themselves, 
il keys or wedges pasaed, by the tightening up or driving 
!. iif which, the length of the slinga could be increased or i 
iniahed at pleasure. The use of these slings ■ 
lie one frame to derive support from its neighbour on 
■ r side, or, in Its turn, to afford support to either of it« I 

■ ililiours. Thus, if one of the odd-numbered frames, in ] 
■1 h the upper extremity of the slinga wore attached to the J 



I 

I 
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top floor-plates, was required to be supported independei 
the legs, it was only requisite to tighten up the wedg< 
lengthen the slings to raise the frame, and relieve tt 
entirely from pressure ; the slings, in this case, pudii 

j'the frame. While, in tlie case of an even-Dumbeced 

[by driving back the wedges of the slings on either aid 

o lessening their length, the frame would be drawn « 

^■tiie legs relieved from the office of supporting the vei 
the frame. 

" The ground over the roof of each frame was eap 
by two plates of metal, q g, Ihe tails of which always o' 
the brickwork, as shown in iig. 136, and the points a 
the ground some distance in advance of the bonrds, by 
the front of the shield was secured. These plates of 
{which were technically termed staves) were supported i 
cast-iron saddle piece, e, resting upon a swivel, s, wbioh 
being supported in front upon a kind of joint-, u, and 

(back upon a jack or strong screw, v, could be raised or 1( 
kt pleasure. This mode of supporting the top staves a 
«f thair being brought into any position, or having any 
Hon given to them. The tails of the Btaves were sap 
■by a powerful jack-screw, w. 
"The sides of the shield were secured, and the grottwl 
supported, by a number of similar staves, z z z, fig. 13S, 
attached to the frames by a sliding bar, passing througtl i 
block secured to the sides of the external frames, in fiuchi 
way as to allow of their direction being altered as ciroWB" 
stances might require- The tails of the side staves ovM- 
lapped the brickwork of the tunnel in the 
the top staves. 

"The ground in front of the shield, as we Lave alretj 
mentioned, was supported by small boards of wood, d d, tei 
poling boards; each frame had its own set oi polings, 
length correspondiug with the widlh of the framea. 
boards were 3 inches in thickness, 6 inches in width, 
each end bad small iron plates let in containing a rt 



(.'ffft, KtiaiRefiBwfl. 



1 of a small 
1 the poling 
; the other end 
iws, resting in 
I for them, 
t »il of the caat- 
ing, A A, composing 
f each box. 
"he frames of the shield 
not in actual contact, a 
sarljSincbes being 
between them, 
e resistance which 
B ariseu from the 
I the frames if they 
allowed to rub 
(ch other; and in 
e this apace, 
if-p]at«g of every 



fst each end ^th 

rought-iron sectora of circles, 1 1, fig. 137 (or, as they 
^d, quadranti), the heads of which bore against the 

a of the even-numbered frames, and the circum- 
ee of which worked in the recesses mm, formed in the 
plat£s of the odd-numbered frames for their reception. 
■Mdraots served only to prevent the frames approaching 
^fe to obviate their spreading, a powerful tie, formed 
^KffUghtiron bolts, 1 1, fig. 135, was attached to the two 
HIF'fra,mes. 

tlflch frame was supported and maintained in a. vertical 

on by two powerful screws, //, fig. 136, termed the 

It screws, one at the top and one at its lower extremity. 

) of these screws rested against iron plates, A'l, 

red to throw the pressure occasioned bj the screw 




I 
I 



surface of tte brickwork. 
lint the frames of the shield were advanoed*. 
'■ We now pass on to describe tbe mode in which (he en 
vatiou was carried on and the shield advanced. We shwiW ! 
first state, that every alternate frame of the shield stood thtef 
inches in front of the intermediate frames, which latter, wb; i' 
advanced, were moved forward six inches at a time, so as ih". 
to stand {in their tura) three inches in advance of the othets. 
Thus, the odd-numbered and even-numbered frames alUir- 
nately stood in advance of each other. We shall bow suppote 
the odd-numbered frames to he behind, and proceed to it 
the method of advancing one of them (No. III.), ' 
sufficiently explain the process adopted in the case of aafM 
of the rest. Fig. 138 represents a sectional plan of ap 
of the framea Nob. II III and IV , showing the i 
poaitiona of the front r 1 f h framea, together with d 
poling boards and the p 1 w which supported I 

This being the positio f h g he first operaliot 
move the poling board f h am No. III., one at a ti 
" commencing at the top f h b 
cavated or cut away th g u d 
Wplace the poling and 
ffie latter upon iheir ti fram a 



nd, having carefallytj 

a d pth of three inches 1l 

but instead of r 

b y were before, thflf^ 



placed against the front rail of the two other firamai 
either side, as shown in fig. 189 ; the object of tliis a 
ment being, that the intermediate frame, after all the p 
screws have been so removed, shall be left entirely free 6 
advanced or moved forward without experiencing any reaieFI 
ance from the ground against its poling boards, tbe whole g 
■ which are then temporarily supported by its i 
■tames. The frame itself is then moved forward Ilie n 

" * " II should bo mentioned tliat two shields wera employed is 4 
stnicIJon of ths tunnet. Thnt whii:1i we Iinvc JQst described waa tl 
iind contBined icveral ImproremeDla wbich CTperience bnd pointed oi 
were, iiowever, identical Id principle, nnd in tbelr general node of ai 
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distanM, or aii inches, bj metuis of the large 
//, fig. I SB : the inotle of Opentioii bein^ firet, to nlie*e 
legs of the bBme from wet^t bj means of (he slinga, inj 
mtnner already explAined, then to move foi^ward the two 
L i» fig. 1 33, bringing the legs into the eloping positian 
in tlio fig, 130, after nhicb tho frame itself is screwed 
ward bjr tarning the npper and lower abutment screvB 
toneouBJ;, until the legs are brought egajn into a v 
position, and the frame assumes the situation shown 
140, being then three inches in advance of its neigbboarg, 
Nos. II. and IV. The poling boards are now again 
the ground once more excavated to a farther depth of thri'i" 
inches, and the boards and poting screws again replaced, i'lr 
latter being again restored to their own frame, so that the. 
assume the position shown in fig. 141, the frames bM 
polings of tbe odd-numberod divisions being now three incbt? 
in advance of the even-numbered frames, which latter, in ibt't 
^:t iini. will undergo a similar operation to that above expIaiueJ 
^B " In fig. 138 the polingg in the upper box are shown ii- 
^^hiving been worked forward, while in the middle and lowtv 
boxes they are represonted as being in the act of being 
worked ; in the latter, two polings are shown out at onco ; 
this was usually allowed in the lower boxes, the ground iu 
which, being further from the river, was usually more solid 
than in the upper boxes, and occasionally, when the grounit 
ill the latter was unusually good, the miners in those boxe- 
were allowed also to remove two polings at a time, 

"When the whole shield had thna been advanced snfti- 
ciently to admit of a ring of brickwork being introduced, this 
was immediately proceeded with, the arches being turner] 
upon a narrow centering or profile, v, fig. 136, and being 
sorted behind the abutment screws, //, 
being taken that none of the poling screws were resting upon 
a frame whoso abutment screws were not in proper 
As the shield advanced, a timber stage on wheels followed 
1 afforded ready meajis of aceesa for the miners 
ISayers to every part of the shield. 
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HYDRAULIC ENGINEEEINS. 



.. ^ubcIassi£cadon of the braiichea of Ci^il Eugineering, 

I'iiLHined in the Introduclinn to this work, restricts the 

ri[>|j ligation of the above term to subjects Mimected with 

lirjiioage. water supply, coast defences and harbours, and im- 

■ \emeiit of rivers. This classification will be adhered to 

'h>:. following pages, and only such illualrations of the 

■:■ n] scientific principles aa are necessai^ to oiploin many 

[.lie phenomena encountered in the execution of auch works, 

fill be introduced. 

The term hydrodynamics (from the Greek words iS*f, 

Httr, and Sitant;, foret) coinprehends the whole science of 

llterr fluids, under the several branches of hydrostatics (from 

^ and Is-rn^i, I place in. equilibrium), which treat of their 

when at rest, and hydraulic) (from uJuf and ai 
ipe), which treat of their motion. Pneumatiea (from th 

ir) treat of the pressure and motion of air and other 
l^t elastic fiuids of a similar nature. The distinction " 
watery fluids and elastic fluids has been adopted, 
although in fact eveiy description of fluid ie com- 
sible and elastic to a greater or less degree, nevertheless, 
diatjnctive difference between the compressibilities of 
htt are called the aqueous and the gaseous fluids, i^ 
livable that the verbal distinction may be retained 
■itit inconvenience. 

iiiiis themselves maybe defined as bodies whose mole 
oiist in a state of cohesion so slight, if even in somt 
ihat state exist at all, that the particles are susceptible of 
' moved ii» every direction without experiencing any resist- 
Different substances, known under the generic name 



aubsl 



r 

[ 

I 
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of fluida, have variable degreoa of fluidity ; and, indeed, 'n i 
generally believed at tlie present day, liiat the several slatwoi i 
eolid, fluid, and gas (or elastic fluid), can be assumed b; etaj I 
subftauce in nature under the requisite aooditiona of uo- I 
perBture and pressure. The use of the respective lera- 
Lust not, then, be considered as implying any necessan ' 
iluta differences in the Beveral substances, but as i 
ig rather the accidental qualides they possess, qiki 
ordinary circumstances. Water itself is a remarkabla 111" 
tretion of the faculty of any body to assume the iIh' 
different states; in hydmulic engineering, however, our rIi<-i 
tion will bo principally directed to its consideration undar ttaiJ 
fluid form. I 

Oases possese, in addition to the estrems mobility of Ihlil r" 
partioles, the peculiitr property of the existence of n b|m" m ■ 
of repulsion between these particles, in consequence of win 
they dilate, or increase in volume, unless eooHned by jif 
■ore. Liquids, then, are further defined to be fluids Lan' 
Bo tendency to increase in volume ; and gases, to be tli;' 
having such a tendency. Borne gases, such B.a atmospliii 
air, may, for our purposes, be considered to be permsi" 
gases ; whilst others are so frequently condensed by tlie n] ' 
ration of ordinary natural causes, that it has been proposed - 
further to classify the gaseous fluida into tlie subdiviaiiiu; 
vapours, or those condensing easily into liquids, and gas<\ 
those retaining permanently their peculiar condition. 

]. HnJBOBTATICS, OR THE SoiENOE OF WaTER AT Ee" 

When water is perfectly pure and at its maiimum deTH-v 
its weight may be taken at 62 lbs. 5 ok, avoirdupois par£] 
foot ; and its specific gravity is usually considered to hom 
sented by that quantity. Three causes, however, : 
tribute to modify this weight. The first, and th^ 
important, is the temperature of the water; for It t 
known that heat is able to dilate all aubgtancea. . 
diminish their density or specific gravity. The | 
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le flonsista in the presence of Iho earthy of 1 
A salts which may exist in combination with the v 

I consialB in the loss of weight which ooeurs when | 

loperty is ascertained, whilst the water ia sutrounded j 

spheric preaaure : the influence of this modifying 

Deptibla of, perhaps, greater variation than the I 
mpareil with tho amount of iniluence it exerciBea. 
■efTeet of heat upon tho specific 
■ of water has heen ascertained 
nies of careful esperiments to 
I repreeented in the annexed 
n which the specific gravity of 
|tt 39'''S0 Fahrenheit is taken as 
ftr the purpose of making the 
fcoirespond with those adopted 
intifio authorities abroad. Below 
i the density, instead of in- 
niahes, slowly at first, 
h greater rapidity as the point 
jelation ie approached ; and the 
I of ice itself does not exceed 0-930. 
i effect of saline matters in combination may, unduf 
f tircumBtances, when fresh water 
id: distilled water, usually taken aa tlie type, not I 
I from river waters more tlian from -^sfrsis ^° rvtins- [ 
ations made upon tbe waters of the Garonaa indioatai* 
rage spcciflo gravity of 1'000149 ; and similar obaervsr-a 
»on those of the Seine gave, as nearly as possible, thea 
eaultfl. The apecifio gravity of sea-water is, however,.J 
i greater; it is 1'038, and a cubic foot weighs about-l 
^"IbB. 2 5 oz. 

The loss of weight arising from the displacement of thai 
■!■ by the water, may vary from ynVoB ^ -nsWn "' *^^ latter.J 
Die effects of mechanical pressure upon the apeoiflo gravitfl 
water arc very inoonsiderable, in a practical point of view.T 
I] many yeara, indeed, water waa considered iooonipresBible.B 
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r experiments have, lionover, demonstrated that 
3 compressed as reaUy to dimmish in volume, I 
to B very small extent. Under the pressure of one J 
sphere the diminution is not above 0-000046 of the o 
volume; but as in ordinaij calculations it is not r 
to reason upon depths of water so great as to m 
of compression by the superincumbent fluid sensiblsl 
consideration may bo left out of question. And t 
average specific gravity of water in our latitudes, at a 
temperatures and under ordinary circumstances, i 
vrithin the limits of 0'9984 and 0'999, the normal s 
gravity being unity, it rarely liappens that it is uecei 
take any of these modiiying causes into account. 

The other physical properties of water, such as its p 
elasticity, and cohesion, although of great interest to il' 
philosopher, are of little importance to tbe engineer, wli 
operations are generally conducted upon too broad a scalf i' 
call for the examinalioa of causes possessing a degree o! I 
influence which to him would be inappreciable. I 

In all investigations of the laws of equilibrium of wftWr.'l 

I it is admitted, in addition to the property already elidc'i. 
tbat although under very great pressures it diminishes ■ 
volume, it may, for all practical purposes, be nonsiiii.ri 
incompressible ; that its molecules possess perfect freeil' ■ 
;to move in any direction; and that it communicates equa/ 
ihroughout its mass the pressure exercised upon any ymii 
of its surface. It is also allowed, that any molecule 'if 
definite liquid mass supports in every direction a preesn: 
equal to the weight of a vertical column of similar raoleciil' 
starting from it and continuing to the surface of the liqm 
From this last-named law some very remarkable cousequeiv.' 
follow. 

1. Every layer, so to speak, of a homogeneous liquid mn- 
supportB an equal pressure on every point of its surface, 

2. The sum of the pressures supported by a lioiizon* 
layer is equal to the weight of a liquid cylinder whose h:' 



) of the layer, and wboea beigfat is ibe 4 
■ layer to the surface of the flnid- 
he pressure exernsed Dprni axiy ponioD of 
|snifaee, whether horizimtd, Tertka], 

lalar to this euriace; for the preesare most be 1 
1 by its redstsnce, end the Biu&ea of a body c 
It perpendtcnlsrlj to its direction; and this | 
I to the weight of a liquid cylinder h&Ting for its 
9 portion of the surGice atider consideration, and for 
pt the distance to the surface of the liquid. 

) pressures being eqnfll upon all the points of the ] 
locizontal surface of a Tase containing the lluid. the 
I it supports is equal to that of the liquid 
r whose base might be that surface, and whose height I 
) the distance betveeu it and the upper sur&ce of | 
nd; so that this pressure w'ould re 
r be the form of the vase, provided that the area of ] 
torn and the height of the liquid did not vary, 
(above laws furnish the means of calculating the re~ 
e which vases containing fluids ought to offer, so es 
B yield to the pressures exercised upon them. When 
a circular cylindrical section, or vertically conical, 
I water, eaoh horizontal ring is pressed on all ita | 
■ by the column of water above it. Now, as in 
fuia all the points of a circle are equally pressed i 
i direction, the effect of this pressure to force out the 
t (my point of ita circumference is proportional to I 
aity of- the force acting upon each point, and to the I 
f the circles, it follows, that the effort of a fluid to I 
k circular vase, is proportional to the distance of the j 
■der consideration from the surface, and to the 
Efvase. If it were then desired to give the i 

) able to resist the pressure, or if it were only I 

l^at the strength should exceed the effort in an equal J 

1 for the whole depth, i£ would follow that the thick- I 
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nn* abouM bo inereased in proportion M the haij 
fluid above the point in quealion. 

When tlie shitps of the «a.se, instead of being eyUa 
augments in diaineCer towards the bottom, ihe forcea tl 
to burst the vrro nugmenting, not only nitb. the d 
also with the diametor, reijaire that the increa^d t 
of tbo lower portions esceed that of the higher in a g 
degree than if the voee were oylindrical. If, therefOHi 
large vtiae & uniform tliichaees be given BufBcient b 
the thrust at the bottom, it will be far in excflBa o 
ia required at the top. 

The tangential traction exercised bj a fiuid npon tl 
of a vase containing it. may be repreaenled algebraloUjJI 
the expression nh, in which it^ the radius, and A' 
pressure supported by the surface of the ring. The ti 
ness necessary to resist this traction must, therefore, b 
BB to present a resistance greater than the eObrt si^ i 
any oircum stances , whether arising from an ooddeBl^ 
crease of pressure, or from a diminution of the r 
of the materials by oxidation or any other cause. 

It is often necasaary not only to ascertain the totall 
of the pressure exercised against any definite portion fT 
surface of a vessel, but also the point of application i 
resulUnt of the pressures producing it ; for thia i 
the point to which it would be necessaiy to oppose a 
perpendicular to the surface, and equal to the suppoaed 
value, in order to equilibrate it. This point is cdle^ 
center of pressure. 

Now it must be evident, that if the preasuroa axel 
upon the different portions of the surface were coequal 
center of pressure would coincide with the center of g 
of the surface ; but as the preaaures vary with the i 
Jtora the surface of the fluid, the center of pressure ii 

dow the center of gravity. 

It is found that the eenter of pressure against t 
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rinrfKce whose upper side coincidM with the surface of 

Jar, is to be found upon the lines joining the tniddlea 

I horizontal bases, at b, distance of twO'thirds of its 

1 the top ; or, calling x the center of pressure, 

«igfat of the rectangle measured on the line jo: 

t points of its horizontal haaes, a =11 The 

F preasure of a triitngle, whose base is horizontal 

" a water line, is in the middle of the line joining 

with the middle of the horizontal base, 

The center of pressure of a triangle whose summit 

B water line, and whose base is horizontal ani at the 
rel, is on the line joining the summit to the middle 
>, and at three -fourths of the distance from that 



■principal apphcation of these principles is to be found 
nlatiog the supports required for large vessels 

ids, which frequently come within the sphere of 
B professional duties. 
I the sur&tce of the bottom of the containing vessel 
lorlzontal, as it has hitherto been supposed to be, the 
8 exercised upon it will be ascertained by multiplying 
1 into the depth of tho center of gravity fVom the 
\ ot the fluid. It must he borne in mind, 
ifi of this description, that, whatever be the 
5 sides of any vessel, ascertained by the laws given 
E pressure upon the bottom is equal to the weight 
rtiole fluid acting upon it vertically. In close vases 
'essure be applied to the surface of the fluid, 
(rtion of the containing aides and bottom would be 

These laws are of the utmost importance 
I dimensions of constructions intended to hold 
t tho action of large bodies of water, such as reser- 



iay be convenient to remember, that the pressure of 
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water is always about 13 lbs. upor 
horizontal surface, nt the depth of 30 fe 
or position of the sides may bo; and 
greater or less depths of water. 

If still water bo contained ia vases commuricatingj 
with one another by tubes or passages of considerable ^ 
Bion, the equilibrium of pressure can only esiet i 
Stands at tbe same level in both of them ; and ec[ua^ 
|several vessels bo employed, the condition of eguilibriq 
[be that the same level exist in all of them; or, f 
words, the pressure arisiug from the weight of a liqn 
proportional to its depth, and being traiiBmitted equi 
every direction, the surface must always be at tbe sau 
in all vessels communicating freely with one another. J 
upon tho law of equihbrium of liquids 
vessels, that tbe principles of the eonuQCtion of r 
founded. 

But the law iu question only holds good ' 
lounication is of a considerable seclional area 
is retained in the supposed vessels : when the 
Bmall, the equilibrium becomes affected by a i 
known as the capillary action. This may be obBerred 
ever a body or substauce ia partially immersed ii 
the latter either rises or falls round it, i 
body may be raised or depressed, tho water asaumi 
cave or convex form. There are few substanoea i 
which do not possess the power of producing 1 
nomenon : polished steel is, however, one of the 
oxceptiooa ; when plunged into water, that liquid r 
level at the point of contact with the surface of the sd 

The energy of capillary action depends very muc 
the form, disposition, and distance apart of the ptdes 
tubes which excite it. Tn minute cylindrical tube 
greater than in such as are prismatic, and in bod 
greater than between parallel plates. The Blev&tioa| 
cylindrical tubes is in the inverse i 
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z ratio of the 



^fS^onr of a horizontal sectioa : in the case of parallel 
HaXes, it is in the inveree ratio of their distance asunder. 
Che surface of the fluid between the plates is perceptibly 
L demi-cjliuder, n'ilh a semicirctitac base whose axis is 
larizonUtl; ia a cylindrical tube the surface is that of a 
Umi-sphere, whose diameter ia equal to that of the tube. 

Hinute as the effects of capillary action may appear to a 

nsual obser?er. they are of the greatest importance in many 

uatiches of practical science, and merit more attention than 

;lipv uaually receive from engineers. They have a very 

' .' '] influence upon the durability of building materials, 

.: AS wortliy of observation, that the latter always begin 

■Id at the eitremities of the zones of capillary action. 

■■. cases of sea or river walls, the capillarity of the earth- 

. backing tends to augment ita weight to a very serious 

:'t.; indeed, on account of this action, the earth in all 

I'icu j;ositions must aln-ays be considered to he a semi-floid, 

■ini^er than the earth itself in its dry or normal condition. 

Mauj- failures have occurred from the neglect of this ap- 

jiiieutly self-evident law. 

In order that a body may remain in equilibrium in the 

liMit of a liquid, it is necessary — 1, that its weight be equal 

liiit of the fluid displaced; 2, that the center of gravity 

■ body and of the displaced fluid be upon the same 

,il line ; and 3, that the center of gravity of the body 

- low 83 possible. The two first conditions evidently 

' L from tliis, tltat the weight of the body and the pres- 

i>t' the fluid are two parallel forces, which can only 

iv one another when ihey are equal and directed in the 

line; Ilie stability resulting from the third condition 

-, from the principle that the center of gravity of a 

liitaya has a tendency to assume the lowest position. 

I u a body floats upon any liquid, the conditions of 

'TiuDi are virtually the same as when it is entirely 

j;,'cd; for t^o body teoda to sink by its weight, and to 
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Hm by ihs [ireaBilTO whicti the fluid oseicUes i 
portion or iu anrfoce Bubnierged, a pressure whieh h 
dentlf equal to the weight of the Quid displaced, i 
to iu cvnwr of graviij. It follows from this, that iH' 
that « body ma; float upon the Burlace of a liquid, ita v 
nasi be leas Uian that of an equal Tolume of the ll 
Btiould tho body be in a state of equilibrium, the 
—the liquid displaced is equal to the total weight of th« M 
i tho conter of gravity of tlie latter, as well aa that a 
Iquid dlitplaeed, are In tho same vertical line. Tfaa 1 
pibrium will only bo stable when the center of gniQ 
e body is lower than that of the water displaced. 
Tho property by whiuh bodies displace a quantity of <l 
[tquni to their volume when their speciiia gravity exceeds^ 

C the wiitor itself, is usefully applied, if that specific § 
nt kuowu, to BHcertuin tlieir prouise weight 
I necessary to di> iu such cases is, to multiply tho « 
fof tho cubical oontouM of the volume of water diipki 
the apocifio gravity of the material, and the result « 
tbo weight of the body in question. 

Spocillc gravity means the ratio of the weighta of 
' bulkK of tho Bubstances considered to equal bulks a 

Olher subsiitnco witli which they are compared. Water 1 

Kl^ Bubalanoo but little exposed to variation, and with i 

Boat others oau be readily compared, baa been adopted ■ 

latandard. The epeai6o gravity of gases in, howerer, ^ 

led by ndoptiug tlio weight of dry atmospheric t 
■ Maudan). It follows tbat the specific gravity of a M 

liquid, is obtaiiieit by di>-idiiig the n-^ight of a portioul 

Bittbelance by the weight of tut equal bulk of « 

larly, tli« sitecitio gravity of a gas is obt«iiiKl 1^ ^ndj 

ight uf A t'iveu bulk of it by tJiat of an 

Vtir. A table of spocitic graviiios is attw^ed ; but ik i| 

' ~r to be obserr^d in piwctic*. tbat tb« migUs ii' 

• of tvro SNbstwKflB defMod vgum Ota wd^t i(] 

|aiM unil of Uw tem vt vomfumn prsTion^ < 
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}, if the unit of weight be a oubie inch of 1 
iubstanoe hi ba compared with it 
multiplying tha number of cubio iiiohes it may 
the weight of a cubic inch of water, and hy tUe 
iber. 
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seen that when a fluid is contoiued in a vaae of 
exerciBes, in consequence of ita gravilj, preaeores 
r portion of its surface perpendicular thereto. If, 
) be perforated, the liquid will escape with a 
joitj ; and at the same time certain movoiuents will 
fn it whilet in the interior of the vase, wbioh we 
1 to notice. 
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Wbeu a emaU hole is mail6 in the bottom of it 
TBse die molecules move vertieallj to nithia a 
oliort diBtance of the orifice, supposing that the 
top surface be exposed to the direct influence of 
the atmoephere, but the other molecules flow to- 
wards the orifice from everj direction. If the 
orifice be on the eide of the vase, the molecules, 
both above and below, moyo towards it : so that in f 
case their movement is towards the orifice from are 
rection, and as the eame quantity of liquid must pass tl 
the Bame space in the same time, if the pressure be K 
the mean velocity of each such quantity must be in the H 
ratio of the surface it occupies in the vase. 

The upper surface of the liquid in the vaee la not ^ 
terminated by a horizontal plane. When the jet e. 
tJcally by an orifice in the bottom, and the level has nearin^ 
to that of the orifice, the liquid withdraws from the limfl 
axis and assumes the shape of a funnel, whose apex ii 
I center of the orifice. If the liquid had a. rotary a 
I in the vase, or if the shape of the latter were of that iM 
' tion, the funuel formed by the upper surface of the 
would be developed at an earlier period. If the ori& 
lateral, the funnel would not Le formed, but the surface I 
liquid would le depressed immediately above the orifice,' 
I the accompanying figures. 




These movements depend upon the forni of the ■ 
the height of the liquid, and the position and dimei 
the orifice. Hitherto it has not been found possible tal 
them under any general laws. 
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Biqaid Tein escaping from au orifice takes tlie form of 1 

■ whose base would be t!te orifice itself, but wliicb j 
■les gradually until it reaches ii distance from the I 
Rual to about half its diameter, where its thickness is 
■a than 06 or 07 of the orifice. This diminution Is 
mj the designation of the contraction of thejluid tiein; 
bkes place in whatever direction tlie water may flow. 
HioweTer, the jet takes place vertically downwards, the i 
Bntrscts for a greater distance, because the velocity of j 
kizontal layer increases iu proportion to the space t 
Hiiougfa, and therefore the distance between any two I 
Host also increase. For the same reason, when the jet I 

■ upward direction the prism enlai'ges after the con- I 
peJD, because the velocity diminishes. In all cases, I 
■t eertaiu limit, the resislanco of the air divides the I 
bnpa of greater or less volume, Tn vacuo, tlie jet, if I 
KcftI, would describe a parabolic curve in falling, like 1 
Wies. I 
Btiue of the contraction of the Suid vein does uot I 
Ko arise from any contraction of the fluid itself, but it 1 
Kts feet that the molecules leave the orifice with differ- I 
Ulel velocities. Those which pass through the center I 
Briflce have on initial velocity greater than the othera, I 
Bcssarily the oolumu must diminisb ; in a short time, I 
■Ti the velocity becomes equalized throughout the I 
I and it would remain constant if tlie pressure and the I 
Bce of the air did not interfere with it, The inequality I 
Velocity of the molecales is caused by the various incli- I 
K wider which they approach the orifice, end by the I 
■wainst the sides of the latter. I 

■ tbe jet is vertical and downwards, and the liquid has I 
Kiaovenieut, a species of funnel is formed in the inte-l 
Die vase, and the liquid leaving it assumes a similar 1 
pt iu apex is in precisely the opposite direction to that 
unuel in the interior. If the sides of the orifice be | 



It perfectly even, and the liquid in the interior b 
with a rotary movement, the liquid in escaping oft) 
form of a spiral column. 

When the orifice is polygonal, I,' 

or of any other than a circular 
foim, the outline of the fluid 
Tein is more complicated, but 
the results are not alTeoteil. , 
The diflereut parts of the orifice ' 
not beiog symmetrical, the vein 
does not retain the form which 
it had on leaving the orifice, 
bat it clianges continually as it 
increases in distance. Imme- 
diately after leaving the orifice tl 
rectilinear sides become hollow, a 
the edges corresponding to the a 

I finally they disappear entirely. 
Xiesbros ascertained that the form i 
perfectly square, measuring B inches on each side, ata dii( 
^ 6 inches presented the section a c e g; and at 1 ft 
■action became b' d' J' h'. This lost iras its emallesfc Bf 
lud its area was 0-5(ia to I of the orifice. whUst the e 
._ quantity discharged was oCOd to 1 of that indicated byli 
The head of water above the orifice was 5 feet 7 inches. 
In this case the vein seems to have made the i 
of a revolution upon its asis ; nnd the researches of Bidm^i 
Bltow that many other interesting phenomena occur in ti:- 

hoouree of a jet. The reader is referred to his very interesln! . 
jvork, "E:tperiencoasur laFormo et la Direction des Veio'- 
jpourants d'Eau lances par diverses Ouverturee," for more cof 
Iplete information on the subject. It may sufBco to state. Hi 
If the jet be of any length, a aeries of contractions and eip.ii 
sious takes place in it, accompanied by changes in itstrur 
e section when the form of the orifice is pentagonal. 
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itli whicL a fluid leaves an ori6(re ia, at tl 
imperceptible : it iucreases for a certain pe- 
od, after whicli it remains constant, if the level of tlie fluid 
iltlinue the same id the vase, or it decreases if the level be 
*t«red. Whatever he the form of the opening, or whatever 
> its size compared nith the transverse sectioa of the vase, 
I long a^ the water in the latter remuias still, tlie constant 
tleeitj ivitli which the Hoid will escape will follow the 
itnalaw. 
Whsu the orifice is made in a thin plate, or when the 
linkneaa of the side of the vase does nut exceed the smallest . 
Imeneion of the orifice, and is, at a maximum, only from 2 to I 
\ inches, the rate of flow, when no iuilial velocity exists, is 
Murately expressed by Toricelli— 



= v/a-?;;, fi-om which k 
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V = the theoretical velocity ; the real velocity is found 
from V — O'l V to V — 0-2 V ; the diminution in the 
i(y being attributable to the friction of the water against 
hlea of the orifice, and to the resistance of the air. 
; the above formula h ^ the heiglit of the liquid in the 
Liliove the center of gravity of the orifice. 
= the acceleration of motion due to gravity in a second ; 
Hi London considered to be 33^ feet. 
■ lu velocity in this case is that which a heavy body would 
i:ie in falling in vacuo through h ; and as the velocity is 
trioual to the square root of the height of the liquid ] 
the center of gravity of the orifice, if the height bo J 
ii.ipleil the velocity wi!l only be doubled. 
. jieu the liquid flows through an orifice whose length is I 
-iii-s its smallest transverse dimension at a minirau 
: uu ajutage ta employed whose length is equal to two or ] 
. times the smallest dimension of tho orifice, the formulae 1 
.,„? V' = 0'B3 V = 0'Sa ^)tgln V' being tie real velocity 
,... ..hich the water flows, and the other notation as before. 
D 3 
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The velocity is modified if the two faces of the orifioe In 
under water, and it becomes V = ^2 ^ (^ — A'), in vidiki 
W = the height of water in the second recipient, and {fc — V)\ 
= the diflference of levels between the water in the two 
sels, retaining the preceding values of V, g, and A. If 
discharging vessel be subject to any pressure, the foi 
becomes V = »y^g [h + W), in which /*' = the pi 
exercised, expressed in the height of a column of the liqvil. 

If we leave out of account the diminution of the Yelodt|fj 
and the contraction of the fluid vein near the orifice, the theo-j 
retical discharge would be Q = S V ; in which Q = the qii»j 
tity discharged per second, S = the sectional area of thlj 
orifice, and V = »/^^gh. But the quantity which really floit^ 
from any orifice differs considerably from that indicated 
theoiy, and it is usually expressed by the formula Q = K8Vt 
in which the new term K = the coefficient of discharge, 
the ratio of the real to the efiective quantity flowing from 
orifice. The value of this coefficient depends upon the p; 
sure upon the orifice, its form, and its position in the sides 
the vase. 

The greatest contraction takes place when the orifice it- 
removed from the bottom and the sides of the vase by a dii-^ 
tance at least equal to 1 or 1 ^ times its smallest dimension* 
under which circumstances the contraction takes places ill 
round. But, if the sides of the opening be in the prolongi-j 
tion of the sides of the vase, the coefficient of contraction 
requires to be multiplied by 1-035, in the case when the pro- 
longation exists on one side ; by 1*07:2 when it exists on two- 
sides; and by 1*125 when it exists on three sides. MM. 
Poncelet and Lesbros have determined the values of the co- 
efficient of discharge for rectangular orifices with the greatest; 
contraction, and they are presented in the table No. 1 d 
Appendix, in which the dimensions are given in English feeti 
and inches. They are equally applicable for other forms at ! 
orifioe, without any inward projection, provided tliat the 
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Bmallest dimension be that of the height of the table ; and 
they are equally applicable when the discharge takes place in 
the open air or under water. It is important, however, to 
obserre that, if all other conditions remain the same, the 
contraction diminishes in proportion to the thickness of the 
onfice, for -when the latter is considerable it acts to a certain 
extent as an ajutage ; and that when the sides of the vessel 
are convex outwards the discharge is increased, whilst, on the 
contrary, it is diminished if they be convex inwards. 

In the sluices of lock gates, the sills of which are gene- 
rally dose upon the floor of tlje lock chambers, the coefficient 
of discharge is always 0'625, whether the sluice work in water 
or not. Formerly it was usual to adopt a coefficient of 0-55 
when two sluices were used, but more recent experiments 
appear to show that the real coefficient should be, as in the 
kstcose, 0*6^5. With inclined sluices, such as are used in 
: Poncelet's wheels, the lower and side faces of which are in 
._ the prolongation of the reservoir, the coefficient is 0*74 if the 
upper face have an inclination of 1 to 2; and 0-80 if the in- 
clination be 1 to 1 ; the sectional area being obtained from 
tbe vertical height, not from that measured perpendicularly 
to the opening. 

The effective discharge of weirs, or overflows, is stated by 
PoDcelet to be i*epresented by the formula 

Q = KLH ^/Jg~H. 
Q = the effiective quantity falling over. 
K = the coefficient of discharge; which generally = O-lOo, 
According to that authority. 
L = the width of the overflow. 

H = the height of the water above the sill of the overflow : 
this height is to be ascertained at a point where the level of 
the water is not affected, or usually at about from 4 to 8 feet 
above the overflow. 

In table 2 are given the various coefficients for different 
values of H observed by MM. Poncelet and Lesbros. And it 
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I further Appears from their investignticiDS. that the ntod^^ 
B tfllciflnt O'lOS becomes O'll! when the ovecSon is of the ^^| 
biidth as the leading channel, and when the depth l4^H 
Uatter corresponds nearly with n. If we call the thlckiH^H 
Hnte sheet of water falling over, measured upon the ioner^H 
^B the overilow, h. it will he found tliiit H = 1*178 k, ^M 
Hhe overflow is f ths of the width of the reservoir : aQd.^H 
H| = l-iib k, when the two widths are equal. ^H 

^B When cylindrical tubes are added to an orifice in uJ^H 
Hit reaervoir. the discharge through the former is greater^H 
'iiluit through the latter, supposiog the coudittims of tha^| 
and of the seotional area to remain the same. This ^M 
vrill not, however, be produced unless the water fill the ^^M 
, wbioh will take place when the length "^H 
9 three or four times its diameter ; hut, on the conirnrt^ 
(rill not take place wheu the length of the tuba [■; aiiwHur 
Rlhan that of the contracted vein. If the ajuti^e be cyliiidnj^ 
and the water fill it entirely, tho increase in the diRcb^H 
when the length of the lyutage does not exceed four tll^H 
diameter, is in the proportion of 1*33 to 1*00. ^H 

tThe effective discharge may be still further ^ 

increased by making the ajutage cylindrical, =^=^ 
and of the form represented by the accompa- -^^^ 
nying figure, provided the liquid fill it entirely. ■ I 
This ajutage is composed of two portions of 
oones upon the same horizontal axis ; the first - ', 

ttasB the form of the contracted vein, the length -^ 
wF the second is three times that of the first, and " I 
&e opening, m n, of the first, is ^tha of ;. 5 of 
tile second. The effective discharge through an Hjutaf^ <i 
biis description is in the proportion of 3 to 2 of that wbiet 
Wonld take place through an orifice in a thin plate. 

In the case of the dhcliarge of water through long r'P'" 
if the latter have a general foil, the velocity of flow is 
creased hj- the effect of gravitation; and as the liquid cokn^ 
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■nted froio changing its form by tha adherence lo the 
I the pipes, and by the resistance of the air, the lower 
Kb of the liquid transmit a portiou of their velocity to 
Ber ones, and estabhsh a gGneval uniform velocity, 
bcreoses in proportion to the length of the pipe up to 
B point, beyond mhich the friction stops its inoreaao. 
■ontal pipes this friction repeated upon a great length 
kntinually to diminish the velocity ; so that if the 
|>e considerable in comparison with the initial velocity, 
lid will hardly flow at all. 

■wein states that, in consequence of the eniatence of 
■tdoi], the head of water producing motion in a pipe 

■ divided into two parts, one of which serves to 
b the velocity, and the other to ovei-come the friction. 
■tioii innst. therefore, be directJy as the length of the 
■d the circumference of the section (or as the diameter 
npe), &nd inversely as the contents of the section, or 
■iquaTe of the diameter. This subject will be found 
Bmore in detail in the subsequent chapter of this work 
1 to the oonaideration of the water supply of towns, on 
f of its more intimate connection vrith that branch of 
lie engineering. 

Mean from numerous experiments, that the rale of 
I pipes is not sensibly modified by the nature of the 
■ts of which they are formed, and that it depends alone 
■a length and diameter. The resistance increases in 
BOD to the square of the velocity, the length of the 
hd in the inverse ratio of the diameter. Any curves 
Miona from the straight direction, whether in a vertical 
Mmtal direction, diminish the velocity considerably. If 
hse a severe shock, it is even possible that they may 
It&ally disengage the air in suspension in the water as 
wbIj interrupt the How. 
■Bpillary tubes, as might naturally be expected, the 

■ is more affoeted than in those whose diameter is con- 
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siderable, because the frictiou only affects those portkniflf 
the liquid which touch the sides of the tubes, and it omk 
therefore, be the greatest when these are in immediate joA 
mity to the axis. 

Bernouilli observed that ^vhen liquids flowed in pipes, Al, 
pressure they exercised against the sides of the latter ' 
always less than the pressure they would exercise if they wbbI 
in a state of rest. The effective pressure is stated by himt!-] 
be equal to the height of the liquid at the point obsenei, 
diminished by that of the liquid able to produce the velodlf j 
actually existing at that point. From this it would Mflt 
that the pressure will always be in the inverse ratio of Alj 
velocity, and that it would be annihilated if the latter watf.' 
really that due to the head over the point of obser?ati» 
This law has been verified by a sufficient number of exp»] 
ments to be received as coiTect. 

In channels, the fact of the upper sides being open moditej 
to a serious extent the conditions of the flow of water; andifc 
is found that, whatever be its section, if a uniform velocity bii 
once established, it will deliver the same quantity of water tfj 
one end which it receives at the other ; consequently, in iBf i 
transverse section of the channel the same quantity of i?i** 
must pass in the same period of time. It follows from tUfli] 
that the velocity of the current must increase in proportion tij 
the diminution of the channel ; and, on the other hand, iM 
must diminish in proportion to the increase of the latter. Ai^ 
tlie rate of flow is produced by the action of gravitation, 
must increase with the inclination ; and in order to obtain 
equable discharge, the several conditions of the dimensioiil 
and inclination must co-ordinate. In a channel with a um* 
form inclination and section, however, the rate, of flow il 
uniform, because the friction of the sides destroys the increasft^ 
of velocity which would otherwise be produced by gravitation. 
From this friction upon the sides it also follows that tboj 
velocity is not equal for all the molecules ; those which are 
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nediately in contact with them are retarded in their flow, 
. in their tarn they retard the molecules immediately around 
m. Of course the maximum Telocity exists at the surface 
the current. 

Trom the experiments of Dubuat it appears that the mean 
X5ity of any stream in an open channel, represented by v, 
I equal to a coefficient of the maximum velocity varying 
ween 0*76 and 0-891 ; the maximum velocity being repre- 
tcd by V. It is usual in practice, therefore, for surface 
ocities varying between 8 inches to 5 feet, to consider that 
s^V, or V = l*25r. But in large rivers these formulaB 
e velocities in excess of those actually found to exist ; for 
las been ascertained by actual observation, that in the Seine 
= 0*62V; and M. de Rancourt found that in the Neva 
= 0-75 V. 

The German engineers who have examined this subject 
re found that the mean velocity of all the fluid veins 
t by the same vertical line bore a proportion to the 
ocity at the highest point on that line, varying from 
18 to O'OQ. From the experiments made by M. Defon- 
De upon the Rhine, this ratio would appear to be 0*88 in 
it river. 

Dubuat concluded, from his observations, that the velocity 
the bottom of a channel, calling it U, was U = 2r -—V, 
eping the same significations of v and V ; and from this, if 
= 1*25 r, U = 0-75 r, or v = 1-33 U. In the formation of 
y watercourse, then, U must be taken of such a velocity as 
t to allow the materials of the bed to be carried away ; and 
J other dimensions will be ascertained from the following 
muled for channels of a uniform inclination and constant 
ition. 

In this case, calling Q the discharge, S the sectional area, 
I V the mean velocity, we have Q = Sv; from which also 

have 17 = -:. The inclination will be ascertained, calling 

s 
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■ tt I, by llie formula 1= ~(nv + bir) according to De ! 






In this, P ^ the net contour. S tlie Bectional area, and 4 
numerical coefficients which he lualses respectiTely O-O 
id n-OOOSOD. Eytelwein was induced to change thel 
ioients from some other ohBerrations, and to i 
■000024, and fc = O0ti03(15. But it would appe 
■Jlytelweiu'B valuea of a and b are only correct fc 
rivers ; whilst for channels whose sectional area mn^ 
about 10 yards superilcial, De Prony'a are more c 

If we t;all the quotieut of the traneverse sectioa q 
watercourse S, hy the wet contour p, the mean i 
represent it by R, Ke have R = _ ; and the f 

I De Prony gives us*, replacing a and t, by his valuea,— 
H I = 0-0000444 w + 0'000309 v\ 
ifom which we obtain — 

= ^0'005163 + 8338-428 RI — 0-07185, or nearlj: 
= 56-86 s/'RI- 0-072. 
From these formulie it will be easy to ascertain the vbIh" 
ind R be known, or to ascerlaio the inclination. ' 



mecessary to obtain a velocity such that v 
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□ds upon that of the section S, and the form of i'- 
[■Section, which, generally speaking, is regolated by Iol'o! imi 
jna. If the channel be in wood or in masoary, i' ■ 
referable to make the sides vertical, and the width equiil i 

• Db Prony'* valuei nre giuen in melrw; and in Plnyfuir'a " Onllin 

"natnml PhilDiophr" thej will ba found tnuialalcd into Engliab; bnl il i' 
Jiai, dirided decimally, be uicd as the unit; instead of tbc metre, ni> ^ i 
Mrioug error can Hriae from the Bpplitatian of the value! giien liy ihf t' ' 
named author. It cnay perhaps not bo out of place to esprcaa regnl i' 
the Tcry perfect and beaulirul sytlem of weigihti and meannres of Frarre :: 
Tint nniveraally adopted, initead of the nunrnrous tibaurd niid nrliiti 
ni[^iaurii9 ire find to preiail in olber couutrlca. 
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depth of the water, so aa to render Ibe wet eoTilour, 

^uentlf tlie surface producing friction, as small as 

For canals in eartliwork the slopes vary, and the 

iDges from four to sis limes the depth of the n/ater. 

rony's formuSu v = 50*85 ^a I — 0*72 will serve not 

f ascertain the discharge of a channel of a uniform 

Ion and constant section, hut also to gauge any stream, 

i ft length of ahout 500 jards can be found upon it 

those conditions may be fulfilled. A cross section 

a and the wet contour of the stream, and 

k the former hy the latter the mean radius, B, will be 

la longitudinal section will give the total inclination of 

r portion of the stream, and this inclination, divided 

Ideveloped length of the axis, will give the partial 

I each unity of length. If the section of thtl 

Tuld not be constant, which is frequently the case in 

Itibaonels, a certain number of cross sections must be 

|k ttiB portion where the stream 13 most regular, from 

n average must be obtaiaed. Ihe wet contour, and the 

idiuB, ft, are also to be found by taking the averagfis 

l&om the series of cross scotioua. The inclination is 

[ 6e ascertained from Iho mean velocity, v, and the 

e by the ordinary formuliE. Should it happen, how- 

Sst (he Btrcam is divided into two portions, one of 

I'fery deep, and comparatively speaking narrow, 

3 Other ia shallow and broad, it would bo prefer- 

F eonsider the stream as divided into two sepa- 

iDches, and to calculate the discharge of each of 

Bsible, also, to ascertain the voltime of a river by de- 

[ the maximum velocity at tho surface, observing all 

nitions necessary to ii^sure a correct mean result. 

section must also be ascertained from the 

t of a sufficient nnmber of profiles, and the discharge 

I olrtained by mulliplying the sectional area Tiy the 

el<«ity,-*hithwe have seen to bo 0'8V. II is e 



flonls he tlirona into the Gtream a tittle nbo 
obserratiou, hi order that Ibey may hftve tho' 
i the latter during t1 



I The preceding observal 



apply when the voluB 



mter passing an orifice, or through any given portion d 
chBnoel of a stream, is such as to mainCaiu a conatont I 
If, however, the discharge ho gi'eater than the suppljj 
level of the water above will lower, and the Y 
be diminished. The yalue of H in such cases will h 
modified, bo as to express llie effective average head infltu 
the dischai^e during the entire operation. It lias al 
assumed that the discharge takes place in the open t 
without any resistance on the under side ; hut in the o 
one reaerroir pouring its waters into another, not only 4 
require to be modified, but a new term requires to be ii 
duoed to express the variable resistance of the water cm ti 
under side as it rises above the orifice of communicntioa. 

Morin gives a rule to ascertain the discharge when i 
TariaLle head exists over the center of an orifice, whicU niflj 
he stated as follows. A vertical rule is placed in the reservtiil. 

, upon which are to be measured the levels correspoDcling to 

I ©qual intervals of time; for ordinary purposes five obsarva- 
len, calling L the widih of the orifice. 

I E its height, m the coefficient of dischai^e, the arithmeiii'' 
jnean between the values corresponding with the greatest in- 
; heads observed, /ij, h^, ftj, A,, k^; the levels at U' 

I different intervals of time t ; the quantity discharged d"nii 

i flie total period, or Jt, will be 

^Q=l-470mLEt [v/^Th- 'yK+'i'{-/K+ v'M + 'iv'''" 
The formula becomes, when the flow over a weir is cnn 



d vs'hen the orifice may be covered with water on the utiin 
side, the heads A,, h,^, &c,, must be replaced by the diflerciii ■ 
of the heads on the upper and under side at the same pciii' 
£ obsen-ation; that is to say, ft[ becomes H^ — fi,, and fi„ I 
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iomes Hg — A^, &c., calling H the head on the upper, and h that 
»n the under side of the orifice. 

In all rivers there will be found to exist a greater or less 
ixtent of comparatively still water in immediate proximity to 
fcliehank» which also appears to form a series of eddies, arising 
probably from the impulsion of the current. The piincipal 
Erection of these eddies appears to be opposite to that of the 
current; and when any obstacle is offered to the onward flow 
of the latter, the water becomes heaped up, as it were ; and 
in this case also a kind of return takes place, from a change 
of direction in the flow of the liquid. A dyke or embank- 
laent in a river will produce this effect; or, in fact, any 
oonstmction which diminishes the passage, such as groins, 
bridges, &c. There is no word in the English language which 
expresses this effect, and it may therefore be as well to adopt 
the French phrase " remous " to express the increase of height 
ted the change of direction produced in a current by the in- 
terrention of any obstacle to its flow. 




In the case of a dam across a stream, the bed of which is 
epresented to an exaggerated scale by the line a b, and the 
lam by e f, the water will rise on the upper side to fall sub- 
lequently over the edge of the dam. The fluid mass repre- 
lented by a' a a c d will constitute the remous. 









BiTDnmm or 

I'lio greatest 'lejith of Uie remous. excepting in ko mufli n 
is modified by tbe conditions mentioned in tlie next a- -i 
ince, will exist immediately over the edge of the daiu i 
id will be derived from tha height of the latter, dimiiii-il" ■ 
the original depth of the wftt«r, and incredsed by tha llPJL^ 
of water standing on the edge. This la^t ijuaniiiy hn3 In 
Bacertained by M. Cnslel to be obtained by the farmi.i 
0-04 V(— ) • '" which Q = the Tolurae of the carnn' 

id L the width of tbe dam. Should the water, how- 
Itutend of falling over Ibo edge, be withdrawn by a serie-. ■■ 
sluices at the lower part of the dam, the greatest depth n , 
be equal to the diatauce between the ceuter of the opeuii;'^ 
and the bed, added to the distance between the ccnUit ■■■■'■■' 
top level, which will be found by making x = OlSOS - 

heiug the sectional area of the ops^nings. 

But the greatest height of the water above tlie horiwn' 
line does not take place immediately upon the dam ; it o'Vii 
at a small distance above it. The same thing happens in (! 
instance as in all others where water flows over a weir. vi. 
lliat shortly before it arrives at the edge it slopes towards M 
latter, ojid in large retnous this sloping will begin at ai-i". 
siderable distance above. The height of the remous ai m 
distance from the edge of tiie dam will result from the nanr 
of the Gurve assumed by the surface of tbe water on tbe u[ !■ 
This is unijuestionably a hyperbola, whose summii : 
It A', whose axis is AC, and which is nearly tangent to s li 
through A at such a distance thatEO=_?_?^ 

which expression I = the length of tbe dam. 

During the inquiries conducted by the Italian e 
the purpose of discovering a simple self-acting gaugd t 
irrigation of that country, a very interesting foot was * 
which indicated that tlie ordinary laws of hydroatatiftsi 

some extent, modified when the water was set in i 



difiil«i into two portions kj a tlia{iluaf[m nueeptibla 
i vertical];, «od with a diadMugnig oii&ee • 
L.-] t difference of Urel aust«d so Iod^ u the 
kit this diSereoceof lerel wees greater in 
{fining of tl>e didphia^n ««$ less. <»mpu«d ta 
ntiL-e. Aott if. b; an; chinge 
;. or of tUe How. the lerel were made to alter 
. ilie corresfiosdiitg viiria.tiaii9 opon the two sides of ths 
' ursgni couiiiiued to be alwaj^ proportioual with the ro- 
ine lUS^erences of level Bist established. This lawis not 
[eil by the introduction of two or more diaphragms ; for ft 
i.ir vttriatioo of level lakes place between each of them, 
i :-. m^ntnined so loug os the water continues to flow. Of 
--.', if tlie dischfirge cease, the hydrostatic pressure will 
ihe water to assume the same level in all the communi- 
;; compartments. 

: nn suppose a fluid to be coutaiaed in a reversed svphon, 

■ nf whoso brauehes is of the same diameter, it will be 

' !■■•{ [o stand at the same level in both of them ; and if by 

■I"; luoaDd the columu be now raised iu oue, and then left 

fn'c, it will descend below the original level in consequence of 

ill' velocity acquired ; it will remount above that liiio, and con- 

' I' 10 oscillate about it for a certain time. Tbese oscilla- 

- .ire found to be isochronous, and if the branches of the 

■! I'll be vertical, their duration will be equal to that of a 

:"'iiilii!um whose length is equal to half the total height of 

I'ii' liquid colnran, 

iVboi) any point on the eurfaoe of a pool of still water is 

ubed, a series of small waves is formed, which eslend 

f^reat rapidity, These waves are found to be of two 

the first are formed at the same moment in great num- 

Miid are propagated in every direction with a uniformly- 

L.-iiig velocity, lilte that of the fall of heavy bodies, and 

, ,.-,d[iuice of any two summits increases in the direct ratio 

K.«quare of the time ; whilst the heights decrease in ihs 
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inverse ratio of the same square when the liquid is contaiiMl J: 
in a channel of a constant width, or according to the foutk 
power of the time when the liquid is entirely free. Tba 
second series also rise in infinite numhers and at the bum 
time ; but they are propagated uniformly with a velodty pw- 
portional to the square root of the diameter of the shock: Al 
heights of the summits decrease in the inverse ratio of tte 
square root of the time, or of the first power thereof, acoQvl- 
ing to whether the liquid be contained in a channel, or entiidf 
free. The second description of waves are more apprediUl! 
than the first, especially near the point of origin ; and 
wave which is formed on the surface of a liquid mass is p^i 
pagated to a considerable depth in the interior. 

When the waves come in contact with a fixed body, thflf; 
are interrupted in a portion of their course, and that portion i 
the wave which strikes the resisting body is reflected 1 
upon itself, and propagated in an opposite direction; 
are, however, re-formed bej'ond the obstacle, if it be isolateJi^ 
and extend beyond it as though they had not been inttf^] 
mpted. When several centers of disturbance are formed in •] 
piece of still water, the series of waves may be observed 
cross one another without any decided interference, 
observations, however, are only applicable to small bodies 
water ; in the subsequent portion of this treatise attent 
will be more particularly called to the laws affecting the int 
ference of waves at sea. 

Bodies moving in fluids meet with two species of resist 
the one arising from the movement communicated to the 
tions of the liquid successively displaced, and the 
arising from the power necessary to separate the parts of 
liquid between which the bodies move. Up to a certain ve 
city the resistance of fluids from the first cause is found to 
equal to their density ; to the square of the sectional area 
the body moving in them, modified to a considerable est 
by their forms; and to the square of the velocity. The 
ance arising from the cohesion of the fluid was found by Coi^l 
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>mb to be propordonal to the yelocitv : to be independent of 
be nature of the surface of the boily : and the pressure to 
rhicb the fluid is exposed to be equally Trithout iutiuence on 
he value of the resistance. Thus any bovir moving in a 
iquid meets with a resistance composed of two terms ; the 
'ne due to the inertia of the liquid increasing as the square 
f the Telocity, the other due to the cohesion increasing 
imply with the velocity. 

The researches of Mr. Scott Kussell upon the movement 
»f canal boats at high velocities show, however, that l>eyond a 
'diocity of about 13 feet per second, some new, and hitherto 
^Vt imperfectly understood laws come into operation. In the 
rords of the Report of the British Association for the Ad- 
'aoGement of Science, our present knowledge of the subject 
n»y be thus expressed : — " The resistance of a lluid to the 
notion of a floating body will rapidly increase as the velocity 
4 the body rises towards the velocity of the wave of displace- 
lient caused by the said motion, and it will be greatest when 
lie two velocities approach equality. 

" When the velocity of the body is rendered greater than 
lat due to the wave, the motion of the body is greatly facili- 
iMed. It remains poised on the summit of the wave in a 
pieition which may be one of stable equilibrium ; and this 
iffiact is such, that at a velocity of 9 miles per hour the resist- 
nce is less than at a velocity of 6 miles per hour, behind the 
■tve. The velocity of the wave is independent of the width 
if the fluid, and varies with the square root of its depth. 
. " It is established, that in every navigable stream there is a 
wlocity at which it will be more easy to ascend against the 
Borrent, than to descend with the current. Thus, if the cur- 
rent flow at the rate of 1 mile per hour in a stream 4 feet 
Jwp, it will be easier to ascend with a velocity of 8 miles 
per hour on the wave than to descend with the same velocity 
khind the wave. The velocity of the wave of displacement 
iielf is about 8 miles per hour." 
Projectiles, when they strike the surface of a liquid, meet 




r and dii«ciiixt ti tUi 
n «f lh« bodf . uid ita tbIi 
all tinei. however, it tends to rais« the direction of 
nent and to tarrj it towuds the ntdsce of the liquid 
111* onginal diiectkio ot the progectOe be bat Bligh% i) 
10 the boriwntal line, th« sho^ will cren caose the 
to reboand as if the surbce had been solid. It a 
reafton that etODes ibmnn irom a small angle, 
from bfttteriea near the water line, rebound a great 
timts before their velocity is sufBcientiy retarded to 
their sinking permanently belotr the Burface. 

When a Huid is in motion a certain portion of lh« 
. which it is animated may be employed to drife a 
L Of course the motion thus utilized must be owing 
r gnivily of l.he waler itself, for if it were necessary tfl 
I to it by the application of some other force, it would 
bo preferable to apply that force directly to the 
the useful arts, then, water ia only applied when it floi 
inclined channel, or when it falls suddenly from a 
But it must be observed that, whatever be the 
the machinery employed to transmit the power of IIib) 
K certain portion must always be lost: Ist, beet 
whole Telocity cannot be destroyed, or the water 
ducing its eilect could not flow away ; and 2nd, beoat 
intermediate machine transmitting the power of thftl 
^^B lias u motion and a velocity proportionate to the latter, 
^^H> consequently can only act by the excess of its velocity 
^^Vthat of the machine. 

^^M Water may act as a motive power in several different 
^H! aithsr by percussion, by pressure, or by reaction. It aci; 
^^F iwrouaeion when it strikes the portions of any machine pi- 
^^^is itfl course, and, after communicating its movement l'> 
^^Bttaohioe, flows uwny immediately after the shock. 
^^■•Wheels placed in a current are illustrations of this ar 
^^* 'Wnlor QCla by simple pressure when, having no iuitlal 
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't oee which is yeiy smal), and only equal to tliat of 
>' body on ffliicb it acts, it moves this merely by ita weight ; 
u the case of bucket wheels when the velocity of the 
i'"ji?ry of the wheel is equal to that of the stream. 
■r acts both hy percussion and pressure when it falls 
:, n bucket wheel with a velocity greater than that of the i 
■ I itself. Atid lastly, water produces its eiVect by reaction 

■ irliines. or the class of mills called reaction mills for this 

■ reason, In the case of the hydraulic press, the law by 
<r a liquid inclossd in a vessel ou all sides is able to 

: -mit to every portion of ita bounding surface a pressure ( 
' I'cd upon any one point thereof, is called into action, 

' 'II the details of these various machines form part of the J 
I''.' of practical mechatkical engineering, rather than of | 
ctigiueering itself, the reader is referred to iho other ] 
libera of tbb Series, in which that branch is more particu- 

s considered. 



PUEUIIATICS. 

jkjtly speaking, the term Pueumatics ought t 
1 to the science of the phenomena connected with 
^hare ; but by extension it has been made to in- 
1 the gaseous fluids. Our observations will, however, 
\ati B3 much as possible te the nnrrower acoeptatiou 
rordi and the gaseous fluids, other than the atmo- 
rill only bo treated of as connected with the latter. I 
B already observed in the Section on Hydrostatics, | 
I fluids differ from aqueous fluids in this — that the 
lighly elastic, whilst the latter are only very 
Of the gases themselves, again, there are some < 
e permanently elastic, and others which by means of 
be converted into liquids. Air is an illus- 
t the former, steam of the latter class ; but Fsrs- 
jbotiful leaeanhes lead to the belief that ibis distinc- 
r exists in consequence of the imperfection c 
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means of operating upon tbem, and that all gases are 
ceptible of being condensed, under favourable conditions, 
ordinary language it is, however, convenient to retain the &»; 
tinction between the condensiblo and the incondensible 
giving the former the specific name of permanent gages, 
the latter that of vapours. 

The properties common to all gases may be stated as 
lows: — Istly, that their elements have weight; 2ndly, 
they tend constantly to dilate, in consequence of the 
sive force of their latent caloric exceeding the mol 
attraction, and that they only retain the same volume 
the resistance of some containing body; Srdly, that 
are compressible by reason of the space around their 
cules ; 4thly, that they are elastic, inasmuch as, when 
molecules are brought into closer connection with one 
other, the repulsive force of heat increases more rapidly 
the attraction; 5tlily, that their molecules are perfecd; 
free to move on one another ; and Cthly, that by reason 
their elasticity a force exercised on one point must be 
mitted throughout, and in every direction. All these p: 
pertics have been demonstrated to be possessed by 
spheric air. 

Since the atmosphere possesses weight, compressib; 
elasticity, and the power of communicating pressure in e 
direction, it follows that any portion of it must be pressed 
the weight of that immediately above it, and must also 
mit the effect of this weight to the portions below it ; 
quently the density of the atmosphere and its elasticity nv 
decrease as the distance from the earth increases. A 
thus placed in the air must therefore be exposed to a 
sure upon every part of its surface which diminishes with 
elevation. 

The atmosphere revolves with the earth, and at the 
velocity with it ; for otherwise the air at rest would creato 
resistance to motion equal to the shock which would ensoa 
the earth stood still. A current of air, in fact, would be 
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jicity nould be eqoal to that of the earth's rotation 
kxis, or about 1518 feet per second; whilst the most 
t hafricanes, such as su-e ahle to fear up trees and over- 
'buildiags, do not travel at a rate ex:ceediDg 147 feet per 
L As ths atmosphere moves nitb the earth, all the 
uloB composing it are affected by three forces — gravity, 
aty, aud the centrifugal force. Under these circum- 
18, as the weight and the elastic force of the molecules 
i atmosphere diminish in proportion to its distance from 
[is of rotation, whilst, on. the contrary, the ceuirifugal 
'ficreases, there must necessarily esist upon any vertical 
■^ through the center of the globe a point where these 
: lives are in equilibrium, and the atmosphere must be 
.J. It lias been aseerfaiued that the distance at which 
mmosphere becomes rai'efied to sucb a degree as to be 
limes lighter than it is at the ordinary level of the earth 
oirefuction equal to that obtained by the best pneumatic 
!lS — ^is about 58,000 yards above that level. This is 
.■>i*e than -j^jSj of the radius of the earth; so that it 
be considered that the height of the atmosphere is about 
fia of the radiu«. 

a be made aii'-tigbt and filled with any liquid bo bs 

f to exclude the air, and then immersed in a vessel 

me other liquid whoije surface is exposed to the 

( the atmosphere, it will be found that a column will 

n the tube, the height of which will depend upon 

e gravity of the liquids and be in the inverse ratio of 

^ij. The force which sustums these 1 n tl 

f the atmosphere acting directly up n tl pos d 
I the vessel, and pressing it in a d d d 

kt the liquid in the tube la expos d t n 1 

i the e£fect will be the same whate b tb 
BiDiensions of the tube, provided Ibey he not so small 
r CRptUary attraction to modify it. Jifoi-eover, this 
C the ttlmosphere may be demonstrated to act on 
, for if the tubes be made to assume any direc- 



. llie liquid in t.bem will rise to the a 



n tbe V 



t vould ii 



mtained it 

As tlie heights of the liquid columQa Buspended j 
Btubes are preciselj in the inverse ratio of their i 
leigbtB must be exactly equal. Uuder tlieee C 
, as it is known that tbe atmospheric preraol 
, on tbe average, a column of mercury 80 inc 
«ight, it will also sustain a column of water about l| 
e the specific gravily of mercury is 13-56. 
Kljis pressure of the atmosphere varies withio araugeof ! 
of the mercurial columti, the height of the column ol 
will also vary proportionally, or within a range of 3 feet fi 

k Dearly. The atmosphere itself must exercise a. prei 
16 lbs. on every square inch, or the weight of a 
piism of air 1 foot square on tbe buse is about 3100 11 
It is to tbe pressure of the atmosphere that the i 
irater in a tube, from nbicb air is exhausted, is o 
^moval of a ceitaiu portion of the air ceuaea 
remains in the pipe to dilate, its elasticity then d 
K and tbe hquid rises in tbe tube until the weight 4 
column thus luised and Lbe elasticity of the dilated d 
lance the external pressm'e of tbe atmosphere. It 
l^that, for tbe same dilation of the air, the liquid will IJ 
Bieight which will be in tbe inverse ratio of ita density. \ 
t be eTident, from what has bee 
rthe height of a liquid column of any description i 

taken as the measure of the \veighl of the atmospheroifl 

I it has been found more convenient to adopt mercuiyfl 

I Standard of comparison, because it admits of the i 

being made shorter than for any other liquid ; and i 

i not 60 likely to give otf vapours (whose a 

^ Vould to a greater or less degree falsify the indioa 

B the majority of liquids are liable to do. Even i 
k itself gives olf a vapour, but, mlhin the ordinary i 
L the temperature, its elasticity is so small that it i 



mtlurat inconvenience. In the arts, then, we find 
Bt invariably, tubes in nhich columns of mercury 
I move, according to the weight of the atmoaphere, 
to'ascectain the pressure of the Jatter, and are known 
me of barometera. 

[neering the barometer is prmcipally used for obser- 
]foo. the weather, or for ascertaining comparative 
As these subjects are, however, more particularly 
A the Number of this Series especially devoted to 
ics.the student who might desire further information 
n of the barometer is referred to it, or to the works 

^ neoeasary cocsequeuce of what has previously been 
At when a gas is compressed, it dimiui&hes in bulk, 
I elasticity increases with its density, it must sooner 
jrive at such a state of condensation, that the elastic 
il be equal to the pressure exercised; but the laws 
tha coudenaatiou and the elastic force are yet but 
srfectly known. Froctically, and especially in the 
Imosplieric air, it may be considered that the pree- 
by a gas against the side of tlie vessel which 
iti is increased in precisely the same proportion as 
I which it occupies is diminished ; or, in other words, 
Ic force of the air. or of any gas. is proportional tu 
gr- It must be observed, however, that a variation 
nnper&ture will affect the conditions of elasticity; 
HI increase of temperature will give rise to an in- 
-elaaticity without, or even in spite of, any variataoo 
ariiy. 

[uence of the elasticity of gases is, that they 
pressure upon their containing vessels independent 
scbaniual, or external, pressure, and in this respect 
r fivm ordinary lluids. The energy of tliis pressnra 
IpOD the diUerence between the elasticities of the 
Mid the surrounding gas, independently of any 
rbich may be applied to the former. 
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Pueumatics are more immediately connected with tl 

tice of civil engineering in the principles regulating 6 

slruction of pumps and syphons. Pumps are of I 

descriptions, and every maker has lita awa peciilittrl 

I nith respect (o their detaila ; but the only real distil 

h at least of such pumps as usually are made with -& j 

I employ the atmospheric pressure as far as possible, I 

I- fiuction and the forciug pump. 

The suction pump consists of a vertical pipe i 
I vatet at the lower end ; of a piston moving in i 
3 cylinder ; and of two clacks, or valves, one of il 
seated upon the pipe, and the other upon the pisl 
If in such a pump, of the construction usually t 
Bnppose the piston to he at the bottom of the cj 
nearly in contact with the lower valve, upon raising thaJ 
the valve upon the piston itself will be closed by ib9M 
of the atmosphere, and a partial vacuum will hof 
[ under it. The air in the pipe and the ban-el of tl 
will become rareHed, and ntmble, therefore, ta press uM 
Bnrface of the iluid immediately beneath it with i 
force that the external air presses upon the 
TBse; the latter force being then no lo-ogt 
column will he raised in the pipe whose height -v 
upon the atmospheric pressure, and the perfectioi 
cuum. If ive further suppose the water to rise ti 
height in the cylinder, and timt the piston then desc< 
position first assumed, the ah' between it and the« 
escape through the valve, and the water iiviU still f) 
in the pump, until at last the piston plunges into itfM 
water riaiug through the valve is retained above it bj^ 
the latter, which is made only to open upwards, 
return up-stroke the water abovo the valve i 
piston to the outllow, a second vacuum is created b 
and a further portion of the wiiter in the coatainin^ w 
made to enter the pipe by the atmospheric pressure. 
^The height of the lifting pipe we have seen i 
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^n the perfection of the vacuum created, uearly as much 
upon the atmospheric pressure. Instead, then, of being 
lO to raise 'water about 34 feet, as we should be entitled to 
pect theoretically, it is very rarely that suction pumps can 
made to work at greater heights than from 16 to 28 feet; 
id in all such machines the chances of diminished effect in- 
ease with the dimension of the pump itself. In practice 
le height is usually made about 24 feet ; and the diameters of 
ie suction and ascending pipes are usually made from -!,- to -J 
I that of the pump barrel. It is necessary, in order to 
Bcare the greatest results from such pumps, that, when the 
dston descends, it should touch the lower clack, so as not to 
eave any space between the latter and the under side of the 
liston. The power to be applied to the handle must be in 
excess of the sum of the weights of the column of water 
ihove the piston, and of the column in the ascending pipe, 
ind also be able to overcome the friction of the various move- 
talents of the machinery. 

The forcing pump may be either a lifting pump, wlicn the 
iMumn of water is raised directly upon the piston, or a 
^fwcmg pump, when the water is driven by the piston into an 
iding pipe. It is usual to combine the suction pump 
both of these varieties of the forcing pump, in order to 
the atmospheric pressure as far as possible. 
r Evidently any kind of pump, in which the whole weight of 
Ht liquid column has to be set in motion at each stroke of the 
Fjiston, must be so disadvantageous that it will not bo matter 
? rf surprise that the ordinary lifting piirnp should rarol y be 
f" wed; nor will it be worth while to dwell upon it here, fiu thcr 
t than to say that it is, in fact, nothing more than the suction 
pwnp already described, the upper tubo of whicri has been 
ptoloDged. The forcing pump con-^ists of a barrel and a 
ioction tube, separated by a clack, opening upwards into tlie 
Wrel. The piston, instead of carrying a sr^con-l clack, is 
•ttlid, and the clack is placed at the- entrituco of the- a-:coridin;.j 
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pipe, which usiiHl]y branches from the harrel iu a hon^ 
iirectian for a short distance, and then ascends v 
!bo motion of the socond dack is from the barrel oi 
Ths action of euch a pump nill be aimlagoua to thttfl 
Buotiou pump, until the water rises into the banel £ 
atmOBpheriu pressure ; because the piston will rarefy i 
beneath it, and the uobolnnced pressure upon the 
reservoir will onase a columu of water to Aow into tl 
"When the water has entered the barrel, at the i 
«troke of the piston, the latter will cause it to force o\ 
foot v[^lve and to rush into the ascending column, i 
pressure of the water in this column must act upon it 
with a weight proportionate to its height, and if i 
motive force be employed in exoeas of this pressui 
water can continue to be lifted to a heitjht proportid 
the supposed motive power. 

In those suction and foi'cing pumps in which thd 
does rot rest upon the piston, the effort necessary to n 
latter is only that whicli would be reijuired to raise & I 
equal to that of the column of water raised by the a 
But in descending, the ]>iston compresses the water, ftnfl 
it to pass through the font valve and to rise in tha S 
column ; and consequently it requires a power able t 
■the weight of the latter. There must evidently ba I 
'advantage in equalizing these actions, which it 

en the total height to which it is required t 
the water does not exceed 56 feet, by merely placing tilt 
barrel in the middle. Beyond this point, it he 
,ry to adopt mechanical arrangements to coramunioatt J 
to the descending than to the ascending atrokaa 
[fiston. It is in such cases that the application offl 
Ijiower produces some of its most useful results. 

The piston of forcing pumps was formerly always n 
wood, ur of metal, packed with leather ao as to work ] 
against the sides of the barrel ; but latterly I 
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pomps have been more generally used. The plunger is a 
metallic cylinder, either solid or hollow, and of a length a 
Little greater than that of the stroke ; the diameter being from 
Jinch to 1 inch less than that of the barrel. The packing is 
fixed, and is in fieu^t formed by the stuffing box. The plunger 
in descending takes the place of the water which it drives 
before it; and in ascending it creates a vacuum in the suction 
pipe. 

In any pump, theoretically, the useful results would be 
lepresented by the formula Pm = WA, in which we have 
Pm = the motive power employed ; 
W = the weight of the water raised ; and 
h := the height to which it is raised above the well. 
Practically, however, the effect is diminished by the friction 
:'of the packing, of the piston rod, and of the column of water 
■ig&inst tlie sides of the various pipes ; the weight and the 
iction of the clacks diminish the effect, as also must the 
[ttriations of the direction and velocity of the ascending 
imn, to which the velocity of the stream at the point of 
iige must be added. In the most perfect pumps it is 
lie that Wh = 75 to 085 Fm; but ordinarily the co- 
ient of useful effect rarely attains 0*75. 
Several machines depending upon pueumatical principles are 
occasionally in hydraulic engineering, such as the diving 
I, camels, floating docks, &c. ; but their details belong so 
inch more especially to other branches of practical nie- 
ics, that it may suffice here merely to allude to them. 
ffint the application of the motive power of winds to land 
^biinage is often of so great economical use, that it may bo 
Mvisable to dwell upon it somewhat more in detail. 

Smeat£n, in a paper communicated to the lioyal Society, 
1 767, dr-w up the following table of the velocity and pcr^jeu- 
licular force of the wind iu different circumstances : — 



li ?2 



76 



BUDIVENTS OF 



Miles per 
Hour. 


Feet per 
Second. 


1 


1-47 


2 


2-93 


3 


4-4 


4 


6-87 


5 


7-33 


10 


14-67 


15 


22-00 


20 


29-34 


25 


36-67 


80 


4401 


85 


51-34 


40 


58-68 


45 


66-01 


60 


73-35 


60 


88-02 


80 


117-36 


100 


146-7 



Perpendicular Force on One Square Foot, 
in Avoirdupois Pounds and Parts. 



0-005 

0-020 

0-044 

0-079 

0123 

0-492 

1-107 

1-968 

3-075 

4-429 

6027 

7-873 

9-963 

12-300 

17-715 

31-490 

49-200 



Hardly perceptible. 
Just perceptible. 

Gently pleasant. 

Pleasant, brislc 

Very brisk. 

High wind. 

Very higli wind. 

Storm, or tempest. 
Great storm. 

Hurricane. 

! Hurricane, tearing up trees 
and overthrowing buildings. 



A wind below the velocity of 10 miles per hour is notafal 
to insure the working of a corn mill; when the velodl 
exceeds 20 miles per hour, it becomes necessary to full 4 
sails. This last velocity is considered to be the most suitiV 
for the purposes of navigation. 

According to Smeaton, a windmill yields the greatest efii 
when its sails are made with inclined surfaces, the genentii| 
lines of which, situated at points obtained by dividing d| 
length of the sail into six parts, form with the axis of 4 
wheel, or the direction of the wind, the angles indicated 
the following table. (The generating line, No. 1, is 
which is the nearest to the axis, and it is at this point 
the sails begin.) 
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Angle ^-itli 
Axis. 



7200 

71-00 

7200 

7400 

77-50 

8300 



Angle with 

Plane of 

Movement 

of the Sails. 



18-00 
1900 
18-00 
1600 
12-50 
7-00 



Observations. 



The angles of the third column 
are the complements of those 
in the second. 



i usual to make the width of the sail vary between ^ 
of the length, and never to exceed \ of that dimension, 
m the same authority it appears, that when the sails of 
. are well filled the velocity of their extremities without 
1 is equal to four times that of the wind ; and that it is 
sary that the velocity of the extremities should be 2-5 
7 of the velocity of the wind, in order to obtain the 
mum effect. The useful effects produced are in the 
of the cubes of the velocity of the wind, and may be 

Bsented by the formula P = v a sm .^ ^hich P =the 

ilse in pounds avoirdupois ; v = the velocity in feet per 
Qd ; a* = the area of the sail in feet ; = the angle to 
direction of the stream. 

a Holland windmills are extensively used for the purposes 
Irainage, and it is there the practice to employ one mill, 
I sweeps of from 80 to 90 feet diameter, for every 1250 
«, and for a lift not exceeding 5 feet. These mills work, on 
average, CO days in the year, and raise a total quantity of 
,220,000 cubic feet of water 1 foot in height. Further 
uls connected with this portion of engineering operations 
be found iu the next chapter. 

lie syphon depends upon the atmospheric pressure for 
power of action, and is employed so frequently as to 
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\varrant an examination of its principles in this place. It 
consists of a bent tube, open at both ends, one biandiQf 
which is plunged into a reservoir. If such a tube be filled 
with a liquid of any kind, the elastic force of the atmospluh 
may practically be considered to be in equilibrium on bot 
sides, because the difference of level between the two brani 
is never sufficiently great for any appreciable inequalily 
pressure from this cause to affect the motion of the 
which, under sucli circumstances, must be entirely c 
to gravitation. Now, the liquid columns in the 
branches have a tendency to fall away from either of 
but this cannot occur, for directly a void is left in the 
portion a considerable difference takes place in the 
spheric pressure ; so that as long as motion exists 
the tube, it must take place in one direction. Conse 
if one side be longer than the other the liquid will 
through it, and the pressure of the atmosphere upon 
surface of the liquid in the vase will Jceep the tube fall 
the level of the fluid in the vase descends to that of 
opening of the shorter branch. It is evident that the 
can only act within limits varying with the densities of 
fluids to which it may be applied ; thus, for water, it wi 
be impossible to make it act beyond a height of 34 feet, 
this theoretical limit is rarely attained in practice. 

There are many other phenomena connected with Pm 
matics, of great general interest, and even of frequent nsel 
application, such as those connected with the moyemeot 
gases in pipes, aerostation, sound, evaporation, distillal 
&c., to some of which it will be necessary to refer he 
in the consideration of the practical details of Hy 
Engineering. In the mean time, should the reader reqi 
further information upon the subjects contained in 
preliminary remarks, he is referred to the Treatises of 
Series on Hydrostatics, &c., Pneumatics, and to the list 
authors to be found in the appendix. 
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Dbiinage and iRRlGAnOS. 
fiinctioas of vegetable life cannot be cnrried on nilhout 
; 1. --encB of a eerUin quantity of waler. inasmuch as tli6 
\\tiicli circulate in their tissues are almost entirely 
I -Lii of the water taken up by the roots from the ground. 
the exception, however, of some aquatic pliinta, the 
.'V suffer from an esceaa of humidity; and when water 
i: 1 in an agricultural district iu large quautities, it ia 

. cesaity for draining lands surcharged with water, on 
...' hand; and for irrigation, on the other. It ia equally 
; mt that air should be allowed access to the roots of 
: but the operations of ploughing, harrowing, hoeing, 
- nhich this object is effectsd, belong to the scietica of 
llure rather than to engineering. 

causes of the exceaa of moisture in any particular 

I depend upon the rainfall, the iiaturiU cun6gur)ttioi] 

Lind, flnd ihe nature of the surface aud the subsoils; 

'^inversely, the same cauaes infiueuce the dryness of 

iiistricts. 

distribution of rain is very unequnl, not only whett 

I i visions of ihe globe are considered, hut bUo over 

'■[ilined areas. This is a natural consequence of the 

rlccting the production of rain ; for it ia caused, firstly 

heat giving rise to evaporation, and then the winds 

'IU vapour to a distance, until it is precipitated, either 

I. let with the cold earth, or by meeting with another 

,! air so much colder as to absorb the beat which holds 

' i!^iure in e<aluliou. In the tropical regions, the mia- 

^rcetly in excess of that of the tenipcriitc zones ; 

m the greater unifomtity of temperature, it alsv 

.. tluat the JaU is confined within a much more hniited 

[~ time : the total quantity id greater, but ih^ number 

days IS leas, and the law appears to prevail thai the 

r niuy ilaya increases with ihc Uuiudo. But loctl 
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circumstances modifj these general laws to a great extent; so 
much 80, that in nearly the same parallels of latitude one 
district may ho suhject to frequent floods, whilst anodnr 
may he constantly or periodically exposed to droughts. 

The quantity of rain, for instance, is always less in pluM 
than in elevated tahle-lands, especially when the latter M 
connected with mountain chains. On the sea shore also, it 
is greater than in inhmd districts, hecause more vapour risai 
from the sea than from the land. The existence of pw- 
ticular cuiTents in the ocean will at times give rise to a 
excess of rain on the shores round which it flows, an instance 
of which may he cited in the gulf stream which causes 
great rain-fall in the southern and western counties of Eng- 
land and in Ireland. The prevalence of certain winds 
augment or diminish the quantity of rain, according 
whether they blow over surfaces able to affect in any 
the amount of evaporation. Thus, in Europe, if the 
blew always from the north-east, it would never rain ; wH 
if it always blew from the south-west, the rain would m 
cease on the sea coast. It is to these various causes 
must attribute the local differences between the number 
rainy days, which, in the instance of Ireland, are about 
out of the total 365 ; in that of the greater part of Engl 
France, and the north of Germany, they vary from about 1 
to 155 rainy days in the year; and in that of Siberia, it 
stated that the number falls to CO. Nor are the quantii 
falling less variable than the number of the days, for we 
that the total quantity registered near London is, on the * 
rage, about 244 inches per annum; whilst near Plymouth it 
about 38 inches ; at Manchester, 37^ inches ; at Seath 
140'6 inches ; at Glasgow, 33^ inches ; and near Edinbi 
at Glencorse, in the Pentland Hills, 36 J inches. 

The natural configuration of the country affects the am© 
of moisture retained, by the greater or less facilities it 
offer for its removal. Evidently, a district presenting 
declivities on every side, with few depressions to hold wai 



■^ CIVIt, BKOIKBG1UNI3. f 

m, muat not only throw off ibe latter wilb great r 
■but also furnish few menus of maintaining eTapora- 
Bieii the fall of rain shall have ceased. The ouLlino 
Kction of the iratercouraes also materially intlueDce 
bth of time during vrhich the water may be retained. 
Kdeed, the majority of cases in which marshes ocear 
I Attributed to the physical causoa connected with tba 
I of the earth; either, in fact, to the existence of a 

■ Burrouoding courttry at a higher level, or to the 
Be of a wTitercourse in a similar relalive position, 
poatures of the surface and of the subaoila produce 
■pon tho humidity of a district which are more readily 
BoDtrol than the causes previously alluded to. They 
■er by retaitiiug the surface waters, or by giving 

■ to the Bpriugs fed by lands at a greater distance; 

■ of the utmost importance to bo able to distinguish 
Btlicsetwo sources of humidity, as the surface drain- 
Bted to the hrat, under some circamstances, is utterlj 
Bial to remedy the second. 
Hrainage operations, the strictly correct geological 
■ioTis of the vni-ious strata may be neglected, and they 
i divided simply into two classes, the poroui and the 
■tu. The former comprises all those consisting o£ 
■at^als which absorb water easily and allow of its 
ft&6ely, such as grayel, sand, loamy clays, and the 
Kited npper strata of niost of the limestone forma- 

■ The latter consists of stiff blue clays, or of the 
Bilays found in such abundance ; of some kinds of 
Bemented by argillaceous, calcareous, or ferrugino 
Bs; And of such limestone, sandstoue, or graoitio 
■I present a close grain without any fissures. No 
■Drderof superposition of these classes of strata exieta 
fc, and from their complication arise the greatest diffi- 
b drainage. 

■fth eases as those in which a perrious stratum lies 
m impervious one, the water falliag from the clouds 
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.1 ii-r-=-j tl-r l±zziT. If. then, M 

7 •• ht iii:i*:l ;-Trd:x. ihe water nnrt 

.-. -.r . -r-f". :t-.-^r.:zr. inrZ the hTdrostitiB 

--1- .-. -_-: —z-.i7 y.-ri-.'s ::r^:cs it to ib 

rj: ic ;:zi:::;zs if level mtfta 
a-..-. :- -: r "• z -t r.T.:r I: nij fr-rqiemlT happen, 
->..»-. i -i-::l :--.*:: -^ ^iit:- =: i ^^-i.l distance fioni tliB 
--Tt-.:: .::.:: i: ; . i = -■_ '- ^^ ■-•- T--'^--^ ^^^ existence 
:t r-ri: r.-. t: .Jt ::: :l.r :_.•... ' •:- :: the stratum, allhon^ 
r.: v:-rr:. :1 :l:.:i:. :. "c-r-'i -It rhirdcter of the herbege 
r..*- :-"... .i-.c :'.-r m.^'-Ur 7.^ r.foit il'eots, therefore, ia 
&'.". Ir-.ir.cr^ -rr. r.:: ::.'." :: rri::-.^ the surface waters, bot I 
rr.'.re r ir.i: :lir> t" : i: ::t t'.r suctrinmeous waters, Thkfc! 
'rlther rl?-:: t: ■.'..e - :7:'i r r ar-:- o:r.::i:-r'.l beneath it. 

Tr.e r-r.v. Til :: iirz'.r '-iter? is a comparatively simpbl 
f.z.f:TxVi.ii. f.r it I...--T rr en-roiel Iv dressiug the land into ft 
r.fVjf:^.. on 1 ffivir.g t':.-:-e an •: utfull into a drain or ditch aB 
rouii'l t'/i'; fi^rM. Ti.e iiM-h itself would pour its waters inHJ 
any natural ooir-e, fiL 1 the latter may at any time 
r;rilnrj/ed or improve 1. by observing the principles regulatii 
tho flow of v%ator in open channels. laid down in page 6( 
find snbsofjuently, of this Part. The conditions to be 
n(.Y\t'A beinf(, tliat llie channel shouhl be able to cany 
Ht a siiitjiblo vflocily, tlio maximum quantity of water lil 
to brj tlirown into it \vitbin a definite period ; and that 
vcilocify shuuM not bo such as to endanger the bottom or 
si'los. If the outfall drain bo artificially made, it is, 
rnlly Hpcjikinj^, (hjsirable that it should be impermeable. 

Opcriiiions conncctful with the improvement of an out 
iillri^l. vrry \\\Y\.\i^ anviM, and would seem almost to call 
Hoino jirtidu of tiio Ii('«jislaturo. In many individual ci 
NO to sprsiK, il is beyond the power of one proprietor to und( 
tiiUo tbcni ; nnd the <»nly course left open to him is, to isoliti 
Ins own JMiul by divert in*,' any water flowing from other 
distrii't-.. and to remove that whieli falls upon his own, by 
liwnis (he nuwi atlapted to olVoot ihat object economicaUy. 
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nation of an intercepting drain will very frequently 

flee to remove all the subterraneau waters, should suoU 
iitjL.1, by stopping the flow of the latter in what w 

■ lie be their natural direction, and thus leave merely 
,iiii-water falling over tlie particular district to be dealt 

In 6uch countries as Holland, and the fens of Lin- 
■jire, Bedfordshire, Ac, the intercepting drain itself 
ilps the outfall, and a means of communication; for the 

ihaiiis are used as canals, and the waters from the low 

lire pumped into them either by witidmilla or bj steam 

. as may be most expedient. 

liilly countries it rarely happens that any difflenltj 
- from t!io direction or inclination of the watercourses, 

'I them the question of outfall is not so complicated as 
■ li>wer aiid more level districts near the embouchures 

■ i-s. The longitudinal Bection of the center line of 

■ nil rivers is, in fact, a concave parabolic curve, the 
iF which is in the elevated grounds near its soi 

V elooity, under such ci re um stances, is very great in 
'ijudtries, aud the streams are able to keep their course 
ti.lerably straight line, if even they do not continually 
lii rectify any bends which may naturally exist. Bui 
1 1 ion as the rivers approarii the sea, or other h 
. they usually flow through Hat alluvial deposits, 
.^li level plains of earlier formaiions. The velocity of 
:iier diminishes, and the gradual deposition of matters 
'i| down from the hills raises ihe bed of ihe r 

■ the direction becomes tortuous from the incapacity of 
I liim In overcome Uie obstacles to its progress. In no 
\y in the world can more striking illustrations of these 
I..! fpund than in England; nor, perhaps, is there any 
I-,- where well-directed works for the purpose of obvi- 

;hetr inconveniences would be attended with mora 

.„iti commencing any rectificHtion of the bed of a river 
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! Bt.ream, it ia necessary lo inquire carefully into a 
tjumeroiis commercial inlerests nliich are likely to b 
by the alteration. A plnu of the existing watercoun 
its various affluents, witli longitudinal and transverse « 
of the beds and banks to a considerable lUslance o 
litdde, ia required; ohGervationa upon Ihe flood and Stu 
yjevela, and upon the seasons and duration of the chai 
die volume of the stream, must bo made ; andi 1 
Htreful notice mue>t be taken of the nature of the n 
rried down, the mode in which shoals are formedi. d 
mks destroyed, and the nature of the river-bed | 
f normal state. 

If ihe stream follow a very tortuous course, a ii 

, in a direct line evidently will shorten the distancs I) 

its extreme points, and increase the iiielinalion of tli 

I line. The velocity of the stream will he proportions 

^uented, and if the earae quantity to be diachai^ 

tffifore and after the execution of the new channel, j 

itioual area may be made smaller; or if, o 

t he made of the same area as the original channel, J 

! to discharge a greater volume. Any sndi 
luay thus be avoided; but it is to be observed, 
Kfleems to exist some law, the cause of which fas 
escaped our analysis, owing to which rivei^ are 
to flow in straight Hues for any great distance, in i 
beds of masonry, without requiring great ai 

At any rate, every stream wlien left to itselq 
ik, assumes a tortuous outline ; and, from the e 
obtained in France and Italy, it ap^iears, that after i 

. there is always a tendency to resui 
lirections, especially during the seasons of floods. 

'., preferable that the center line of a new chai 
fcrmed with a series of curvatures of very large i 

: than in a perfectly straight line. Upon I 
t was found that the river e.iercised no corrosive actic 
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I nben the radius of curvature was about Q760 yardi 
p bed of the river consisting of Band and gravel, and 
Huently exposed to sudden and violent floods. 
IfflciBiit action of new channels can only be attained 
■rving these conditjoiis: — Firstly. — They must be 
b OS much as possible ; the sectional area to be given 
Bourse be regulated by the volume to bo discbarged 
■1 ^e vniying conditions of the min-fidl. Secondly.- 
hst not present any sudden pvojeclions, or form any 
prves with the main sti-eam. Tbirdly. — If the 
l-cojiDot be dug out at once to the required depth, it 
lot be opened to receive the waters until the damn 
lend of the old channel be closed, so as effectually to 
B the running water into the new channel. Fourthly. 
hstacIeE, such as trunlis of trees, large blocks of stone, 
Bst be remo\'ed, so as to leave the watercourse per- 

b an entirely new outfall is to be formed, the di 
pa to be given to it must depend upon the proportion 
Bsin-Ml it may be required to carry off. This will 
Btonly according to the configuration of the country, 
k according to the greater or less degree of perme- 
lof the materials. In pi-ecipitous mountain districts 
Lflon^ off with comparatire rapidity, merely from the 
Eon of the ground. '6boukl, however, our observations 
■Dted to particular mountain districts, it will be found 
K discharge from granitic rocks differs very materially 
ftgt from the lias, the oolites, or the clay formations. 
me grsnites, the rain runs off nearly as fast as it falls, 
biatenals are uon-absorbent, and the subordinate oub- 
B not present any depressions likely to retain the water. 
B IB also, comparatively speaking, impermeable, a 
pi clays ; whilst the oolites and the gravels absorb 
kr during the period of its fallttig, to give it out 
■ten perhaps the supply may have ceased. In fact. 



I the cbaraotor of tho discharge from the gnnitn, tbifl 
and the clays, mnv be regarded as being of a tCTfantM 
uriplion, whilst that from the limeslones is fat morn^[ 
lu the former dietricts, it appeai-s that about | of^^fl 
Bows off in the natural watercourses, nrfaUMjMglj^l 
Uld in the gravel the ma^iimum quaulitjr SO^^^^^f 
tulj he ^^. Aijaiu, the proportion of the "Ut^^^^^f 
require to be carried off will differ, according ^^H^| 
or leas cmitinuanco of the raiuy eeasoo. Thus. iiiwmI 
happens that the ground frequently beuomes satiiratBijj 
water ai an early period, aitd it is advisable in suoli U 
that any flood should be carried off as rapidly as itfl 
The niBisimum quantity of raiu nhich may foil mfl 
time becomei; then a condition regulating ths fl 
Bion of the outfall, of neai'ly as much imporUmoa fl 
ftverage fall of the whole year. H 

1 outfall liaving been secured, either by ad^ffl 
I improving the naturul facilities of the country, or byffl 
Y$, new watercoui-se, if the source of tlie ivater detmj 
Pihe quality of any land be not such a& to bs remefl 
I surface drainage, au iuvestigntioa of the aurroundiag fl 
must be made, to ascertain the superposition of ihsH 
^■their nature, thickness, and I'cspective inclinations; or.fl 

■ my local circumstances prevent this examination froSM 

■ sarried out on a suiEciently eifteuded scale, email fl 
miv trial shafts should be sunk at the upper and loffafl 
lof the district to be drained. The points of outtJ 
Jany springs must be noticed, and. if possible, their ^M 
Wot supply be disoovered. When these points are settlfl 

direction to be given to the drains must be oonsideredl 
if possible, it would be advisable to make them follfl 
line of the longest fall of the ground. The depth. aS 
distance apart of the drains, must depend to a certain I 
upon the description of crops to be raised, but moH 
tioularly upon the nature of the subsoii, For, in tlfl 
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y to place the draius at sueli a depth aa 

I any (ianger of their materiala heiiig deranged by 

1 operations. In 6rdiiiary modes of cultivatioD, 

1 depth to which the ground is worked may lie 

: 8 inches; in many others, the ground is moved 

i depth of 18 inches; and for tiiese reasons it is usual 

place the drains at such a depth that there shall bo a 

nci; of about ilO inches between their highest points and 

.;rfac« of the ground. In the second place, if an iinpor- 

k' aubsoil be met with within a distance of 5 or 6 feet 

ilie surface, such as to intercept the passage of the wat^r 

I lier direction, the drains must be tarried down to it; or 

: .1 i^e tie portions between each of ibcm would only be 

; l.-clly dried. The nature of tbe materials employed 

1 so modify the depth of the drains ; for if they be bullty, 

I lie case of broken stone, they must require a greater 

: I hail when tiles or tubes are used. 

. widiJi of the trenches will be regulated by the depth 

I. drains, because the workmen require a greater apace 

(k Ihe deep than they do the shnllow ones. At the 

■. the width is required to be greater than at tbe bottom ; 

. I practice it is found that, for a depth of about 3 feet, it 

iHent to givo a width of about 1 foot ut the surface and 

iiiriies at the bottom: for a depth of about 4 feet, those 

!>[on* became respectively 1 foot i inches and 8 inches; 

' . for a depth of 8 feet, they become respectively 9 feet 

lir-s and 1 foot 3 inches, The direction of the dmua 

■ i he made as straight as possible, in order to avoid 

.;terfereuce with the diethurge of the water: and Ihey 

le commenced by opening the lower portions of the 

- ilrst. 

|j indiapensable that a regnlar inclination be given, md 

should be sufficient to insure the flow of the water. A 

' nbout 1 in SDO will he found sufficieDt for ordinary 

■:-ipccially if the drain tiles be well laid. 

» Ut MTeral modes of filling in drains employed by 



iculUiml engineere, the priDcipal of nhicli a 
1 Uie Buhjoiae^ sk^tcbes. Fig. a represenU a s 
Booamicul s7St«fn followed in coontries nhere tubes or| 
! eipensiTe. It eoasists in formisg ^houlilers u 

ti of Ibe trenches, and laving upon tbem a thick » 

e gross downwards, tbe remainder of tlie trench bcuof 

in with the materials thrown out from it, taking care tol 

I llie deniier and more impermeable earths. 'ITiiB des 

l^of drain is economienlly formed, but it doee not lastiq 

Miglh of time, at least with sufficient efficacj. 

i'ig. B represents an economical form of drwn for| 

tries in which large quantiiies of water are to be i 

f and where stone is cheap. The channel is formed Ijy |l 

I tbin Blabs on edge, leaning against one anotlier, and a 

ivith broken etones or gravel ; the whole iH 

ievered by Goda and the lighter earlli^ of the escKT||{ 

If the waters draining through such ( 

Klo not contain any notable proportion of soluble salts, i 

ihey might gniiiiially deposit around the broken si 

irill continue to flow i'ov an indefinito period. 

Fig. o rcpresenla tiie tile and shoo drains, which i 

puch etuplojed in England formerly, each tile 

UA inches long, by 3 or 4 iuchea wide, and 4 or 5 inches hi, : 

Bill tlie shoes being of the same length, but a little wider tl^ 

blie tJIes. Of late years, bowerer, it has been the opiin : 

■•f flgricullnralisla, that perfectly cyhndrical tubea are t 

Ml advantageous, not only on account of the greater facil' 

I tlltir mauufecturc, but also of the greater economv ;- 
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These cylindriejil tul.es are made of tiie same 
■ ttia earlier descripiious of tilos, and of diametora 
m I to 8 or 4 iuchea. 

fae soil is peaty, or a ranuiug saud, or when 
of tlie materials through which the excavation 
.ri'l is such as to render it difficiiU to form and main- 
le bottom of the trench in a perfectly straight line, 
iLing joints of the tabes mill require to bo protected by 
. -wliicli may be perforated with numerous amaU holes. 
ordinary circumstances, it \Yill sufBce either to use 

■. iili an end terminating thus ^^^ , or merely 

1 siraighl eud. In the last two cases, the trench should 
<■ thtoivu out to the precise wiilih neceasaiy to receive 
iics; and in both it ia abaoluttly necessary that thfl 
Illness and the uniformity of inclination of the bottom 

I trench be rigorously observed. 

.■'uss should not be made too long, because, if the fall be 
ihere would be danger ii'Din the liursting of the pipes 
■: liead of water; and the chances of chnking are cou- 
itily increased, as well as the difBculty and expense of 

:-. It is advisable to make the snbdrains pour their 

■ into a species of main of larger diameter, which sub- 
ully should pour the collected stream into the general 
il Mr. Partes recommends tlmt the submains should 

r much osceed 300 yards in length, and he usually 

I i the diameter of the lower half about ^ greater than 
(.f the upper, in order to insure the perfect discharge 
water. Undur ordinary circnmslancea, however, it ia 
ijible that tha smaller drains should discharge into an 

I (liteb, because the water would flow away more easily, 
II the same time the repairs are performed with greater 

le length of the main drains may bo greater, on account 
I'ir greater diraensions, but the condition above stated, 
them an enlarged diameter at their lower 



^^wug them 



rtremltj. must be Dbserved. They ara formed in iJial 
manner us the BubdrniDs, but. of course, in tlie Imrealfl 
of the \a,ad: and it is advisable to place them ftt aj 
distance below the subdrains, in order that these E 
chiirgii more freely. Their inclination must be g 
cause the volume of irater tbej bavo to transmit i 
greater than that of the auhdrains ; and it i 
tarry them at some distance from the hedgea, or li 
lest the roots should force their irny iiilo the p^ 
cbolie them, because thcae are known to have & rem 
1 avidity for water, and are likely to foree their way 6 

iiits of the pipes. Lastly, it is important that tlaj 

JiUon uf the subdrsins nith tlie maiua should not t 

right angles, but in an oblique direction, so a 

^ny interfereuoe nith the velocities of the respective a 

Hfrhicb might be likely to cause the deposition of any d 

EDud in suspension in either of them. For the earn 

~i is advisable, that two drains coming from diSare 

f the land should not be made to converge at I 

■jloint. 

The distance apart of the drains will depend, i 

tbeir deptb, and the degive of permeability of tile suid 

3 becomes one of the taoat important questions I 

«ided before commencing such works, for the g 

BlstBuce, evidently, the less will be the number, and I] 

r the operation. Mr. Smith, of Deanstone, advt 
feyatem of numerous drains, ut comparatively shollovr A 
Vhilst Mr. Farkea recommends that they be made j 
Ind at greater distances. The former made hia drainJ 
I to 6 yards apart, and about 3 feet deep i whilst tfal 
lakes the distance from 10 to SO yards, and the depd 
I feet inches to 8 feet. In fact, both parties t 
■ error in striving lo enforce their respective systems b 
oasly, and a coui'se of proceeding which may be edtl 
ocessful in one case may bo very inadvisable ia ■ 
kia, if B, stratum of permeable materials osist, whoem 




I 6 feet, it is possible tliata drain placed 5 feet belov 
nee may withdraw tlie vraters from a distance of about 
R j-Rrda on either side. In such a case, there would i 
kded ttdfantBge in placing ihe drains at the greatest 
hud distances, according to Mr. Parkes' plan. But if ■ 
I itself be light, and at a depth of from 3 to 3 feet from 
■face an impervious subaoil be found, it would b» 
mj absurd to cany the drains below the subaoil, heeuusa 
■old entirely destroy any liileral ai'tion of the draina 
In distance of about fi or 8 yards. In such eases, tbe 

■ recommended by Mr. Smith is the more advisable ; 
■deed, it happens in this particular branch of f 
pg. as in all others, that every individual case roquireB 
kged of and decided upon its own merits, 
■eland tho usual system latterly adopted appears to be 
■raWy suited to tiie class of materials most commonly 
Hi, that an abstract of it is subjoined, 
■r drains are formed at distances apart varying from 
B) feet; the depUi is made 3 feet from the lov^-est point 
■nir&ce ; the width, from 1 5 to 1 8 inches at the top, ai 

■ at the bottom. These minor drains are parallel to ona 

■ and only run from 160 to 300 yards without falling 
Iter a ditch or a submain. In these drains a depth of 
Bs of broken stones, SJ inches in diameter, i 
■ng taken that they be quilo clean ; a sod 3 inches 
m plooed over ihem, and the earth is filled in. Some- 
Bp63 Q^ inches in diameter are inserted. 
Bobmains are cut 43 inches deep, by 20 inches wide at 
■ft&d IS inches wide at tlie bottom ; they are carried 
Be low side of the iield, about 1 feet from the fences, 
BbOt allowed to run more thou 300 yards without dia- 

■ into a covered or main drain. An open channel, 
Bffqnare, is formed, and above this the trench is corered 
BS in, AS before, n-ith a thickness of about 8 inches of 
BcMN, carefully cleaned. 
Bp fcli main drains are sunk to a depth of atleasi& 
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la tfaa ■Mdod ilIa»iniiofi ft boring, a 

I mpani, ire to ba ntin tfaran^ th« ii]i|>enaMfal« >4 

I the psnioiH one vfom «)ueh it t^mes ; or. tn fiwti 

I of alaofUiig «dU era U be rormed. utA tbe wio 

ns nade to oanretge to it. Id tlio Treatiao u 

J borii^ rad Sinldng moch tnlbnnation will be found e 

I whli tbe principles of the BclioD of such wtilla and tl 

f constractioo. In these iusinnces ihey will serra 

h« nlcre from the various surikre dmina into ) 

I stnia. nhich almost invariably will be foand to pen 

natuial outlet, at a greater or less distance, iii tho d 

spring. 

When the sneceBeion of strata outoropping upou & 

a more complicated than in ibe cases abuve sapposo 

such as to produce an alternation of dry ground a 

I the clasB of works to be executed laay require to bs 

different in detail, but in principle they will be fo 

similnr to ihose described. The object to he effected 

B, to form a new outlet for the water ; and wbatev 

j ho adopted, it roust he based upon the ordinary prii 

I hydnidyuftniiiiH applied to the particular configuralia 

locality, which, again, can only be ascertained by q 

examination of tlie geology of the district. This ei 

may very fi-equently require to be extended over a cc 

area, hecauae the sources of supply of any apringB 

found to exist at great diataucea, and uuiil all the o 

\ oiTwling them are ascertained it is inipusbihla to a 

I Other than empirical methods of obviating their efEaol 

I vrithatandiug. then, the progress of science in oDf ti 

I Klkington's rules may still be quoted as being the BJHt| 

I most effective for the execution of the draiu^e of 

I lands formed hy tlio outburst of land springe. 

1 ftillona : — 
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b find out tbe main gprbg or cause of ibe mlBchief. 
bo take the levt-l of the spring, und ascertain its Eub- 
b bearings. 

Wt use the auger to tap the spring, when the deplh of 
Bis not sufficient for that purpose, 
n be evident, that if any district be situated so as to 
Ke waters flowing off from surrounding emineDces, it 
■oaily be converted into a morass unless an outlet be 
I Should the district be small, tliis object maybe 
H before, by the formation of absorbing wells placed 
■est points; butivben its dimensions are considerable, 
nperation to be performed will consist in forming a 
pmnd the mtirsb, so as to intercept the waters flowing 
ppper lands, and at such an elevation, and with sucli 
Rto insure tbe disohai^e of any waters which may be 
■to it either from above or from below. The banks, 

■ bottom of this ditch must be formed of impermeable 
ft The ground coutaiued wiibiu tbeKe bauks must 
Baioed in the ordinary manner, and the drains made 
Ke to a point from which their waters may be with- 
Bier by means of an absorbing well, or by some me- 
■nnlxiTance, such as water-wheels, steam-engines, or 

■ setting in motion pumps, norias, or Archimedean 

Bmsreh be owing to the existence of a river at b 
Bd, it must be treated in a similar manner to that 
■bed, if the river itself cannot be diverted; or tbe 
Bt ha confined within impermeable banks, and the 
Koing from the low lands poured into it by some of 
Bmentioned engines. It may, however, happen that 
Bl traversing the marsh may be subject to great and 
■oda; and in such cases it is necessary to form a 
OTf of banks, of which tlie outer ones must be placed 
iince and superior elevation sufficient to carry ofl' tbe 
i Tolitme of water flomng tbrough them at such 
The first banks then servo to contai 
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'/ t'/ J;< i".f. ;;.'.'i jij n.'5 TfiOioriiv of cases inoiion i 
;ijii;ii' jit<;'J fyv Vijjj'linJiJ- ; Viljf.ij i],c: heipLt varies froir 
;r»' In !. i/y V /■' <;t. Jif/v.f;\cr. floBli--.\]ic:el3 are employed. 
own r< n 'li:.in' ii. 111'; -.r'lf,]! ]iHh bteii applied by Mr. V 
hfjiMt, v.ii|» M iriiiil'.i'iblo til lent mid success, in cases wb 
lifi|/lii h; wlii'li iIm; v.fiUr Ijud to 1.0 raised varied froi 
15 I'-f t. Ill liic l')n ,1 tljo noria (a machine consistin 
i>iiilli=n't f liJiiii iMMirin;^ a fscrics oi' luickets, dipping ii 
tMiti'i lit llin l»»\\«;»l point of its course, and i">ouring it 
II |Mii.ii.i ilii» iippir point) lias bcon used from time imme 
'I'liM null I liimt of iiinrJiiiM's enumerated above are so 

H I l»M •liiuimjii' |iinpo:;<'M iJmt it is not ^vorth while t 

iipiiii lliiMit III pn'rtciit. linl»H'd, local circumstance 
uitiihl\ •«»» iitU'hliMiibly llio }^vound of the choice of i 
iM »«ilh»i i»l llio'.o nhvhtniioiil moans of removing wat 
U i« »l<in{ioi\»U'« ^» iiHoiupl to lay do^^n any general la 
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li.jecl. The price of coala. the motive power of a neigh 
Hi; stream, the more or less favourable position of the j 
:y so far os the action of the wind is concerned, the price 
i.>iir, and an infinite uamber of other details, may differ , 
. iLily in any two given cases as to render very different | 
s Lif action necessary, or at least advisable, 
■liapg the most gigantic operation undertaken for the 
■ ■~s of draining lands receiving the waters from other 
.Its is the one connected with the drainage of thellarlttem 
,■ ; and although it is rarely that eugioeei's are required 
1 . late upon so large a scale, a description of the method , 
!iji{ is subjoined, because in principle it is identical with I 
leqoired even in smaller operations of the same de- I 

'■■'.>.■ Hnrlaem Meer, or lake, owed its origin lo the exceS8 j 
:i. rain-fall over the evaporation from the district around , 
i that the waters, nccumnlating in the depression forming 
i.ilio, spread annually to such an extent as to absorb of 
■ i'lita aliout 150 acres of its former banks. In the be- I 
ui^' of the sixteenth century the area was considered to j 
l.eeii about 9140 acres; in 1839, when it was decided 
r I mpt the di-aicage of the hike, it had increased to nearly 
'■m acres, with a mean estimated depth of about 13 feet. 

■VLjrks are being executed by the Dutch Government, | 
. rxpeot lo be partially repaid by the proceeds of the sale 
'ill' land. 

' I': first opemtion consisted in the formation of a channel I 
ilje purpose of isolating the waters of the lake from those 
liii; surrounding country, and at the same time of serving 
*" wi outfall for the ivaters to be raiged. This channel is 
llaiit 37| miles long, with a width varying between IS5 and 1 
Bte feet, and with a depth of 10 feet, and gave rise to great 
^"^iilties owing to the want of materials fitted for its con- I 
r^on. Even now it cannot he -laid to be impermeable, 
iie filti'ulions through it must ever remain a cause of i 
ii.c and probable danger. Tln-ee large aleam-engine«^ 
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«f ■beat 4IMMMRe (»«« Mfb Inamlnal). rmta 
iha Uw faibt the csnal, sad uv stated to be dile to £ 
■iMiat SftSf mbie f«M per second. The; or 
■n^nes, woikiiig expansiyely. npon the Coniisb | 
md ^ve motion to & series of pompa vorkiog at a 
Two smaller madtines, of aboat ^OO-faorse power e 
Med occasionally to discliaige the irater from die ii 
duumel. when, owiog to ao;' extraordinaiy tides or 1 
the natura) flow from the latter is interrupted, 
chines (^e motion to a series of Hash wheels, which n 
water about 3 feet 7 inches. 

The pumping was commenced, apon a large k 
monlh of March, 1649, and in Angust. 1851, the yi 
lake had been lowered 10 feet 2 inches, It v 
the remaining portion would be removed within it few d 
and that the drainage of the bottom, and the consotid 
the banks would then be rapidly execnted. The cost oj 
works mis estimated to be, when complete, between 6 
■nd 680,000i., or, at the higher estimate, about ISJ/.p 

In Ireland, some hu^e boga have been drained tr 
ByBtem adopted in reclaiming the bog of Allen, by w 
ing the water from below, and in this case it was ■ 
with considerable success. The surface was firstly I 
into fields of an oblong figure, and of about S o 
by open drains. Auger holes were driven a 
about 33 feet down to the rock, and at a level of at lea 
above the eurface of the water in the drain. Cui 
tiles, IJ inch diameter, were inserted into the holes, I 
throw the water into the centre of the drain. Thesa 
were made about G feet deep. On the Chat Moss dm 
«flbrt was made to withdraw the deeper-seated wat<m,l 
the measures adopted were desigiied merely with refa 
those flowing upon tlie surfsoe. Square enoloaini 
formed, 100 yards long by 60 wide, by mean 

) feet inches deep at the minimum, 3 feat witS 
1 foot 8 indiesat the bottom. Coyered ci 
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licomnmrncating mth the open ones, and nitti a «idlh 
■tills and 14 inches as far as the shouldur, placed about 
KinubeH ^m tho surface ; below whioli point the; were 
Mo a. further depth of about 16 iaches, with a nidlh of 
B : theae cross drains were placed at distances of abont 

■ from oenter to center. No tiles or pipea were used, 
■om of the drain filling being formed by the BurEace 
Bed troja the moss. 

Bqueotlj happens that large tracts of alluvia] deposita 
■nd. at the mouths of rivers, whioh are alternately eo- 
^ left bare by the tides, and which, gmierallj speaking, 
B to incrGaee until the; attain euuh a height as onl; to 
■ted by the spring tides. These banks then become 
l< with a. species of mariue Tegotation, and are cut up 
■nmerable small creeks, whioh, at the lDw-wat«r, serve 
wiela for the inshore streams. Many banks of this 
■ion have been reclaimed from the tidal action, both in. 
Wk oountry and in Belgium and Holland, with such 
■dTantoge, in many cases, as to l^ause regret that others 
Bttll remain uuproductive. 

Bvorks osually required to reclaim these foreshores 
■' firstly, of an embanliment furming au enclosure to 
I them from the sea, which must be able not only to 
K9 hydrostatic eObrta of the external waters, but also 
■b destruative action of the waves aud tho currents ; 
K, of the system of drainage of the enclosed lands, 
■g under this head occasionally tho arrangements for 
■ill Hi waten charged with fertilising matters, an opera- 
Bfonned in some districts, and known locally by the 

■ '• warping." 

Bpolosure banks are made, generally speaking, from 3 to 
BOTB the high-water line of the equinoctial spring tides, 
■rinimum width of from 3 feet It inches to T feet at the 

■ The outline of the bank in plan must depend upon 
Boal circumstances ; but, theoretically, it will be found 

■ tlie 6''**'**' resistance to the normal action of tl 
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« if it be convex eeawards. whil§l the stabili^ of 
t«ria]Si if it be executed ia «tone rubble, -trill be the g 
the outline be concuTe. Whatever be the form ^vat 
it must always be home in miud that no slmrpiDten 
should be allowed, nnd that every projection must be j( 
the body of the work by gentle curves of the largest 
nulius. 

The best form of the aea slope is a subject still 
discussion amongst engineers. On the ebores of 
and Belgium the practice has been, for many years, U 
reodlinear. and inclined at a small angle to the 
Although these slopes have succeeded in Boine positic 
are others in which the results oblained have been 
of an opposite character, and in which it would appe 
vertical wall would have been preferable. Again, n 
tinguiahed engineers are of opinion that the best for 
given is one similar to the outline the materials tl; 
would assume if left to arrange themselves by natnn 
whilst latterly Colonel Emy has advocated, with eon 
ability, the theory that a concave transverse sectioii 
most fitted to resist the action of the ground waves. 

Long fure slopes possess the advantage of alio 
employment of any samd, or other similar materi 
offer the least resistance to the action of the sea, 
precisely the less esposed to injury in proportion 
inclinatioii is greater. It Las been observed that th( 
five action of the sea exercises ils greatest effect a 
level of the lowest high tides of the neaps. But 
long slopes possess some advantages, they are aca 
by corresponding disadvantages ; for they conduct t 
to much higher points than they would otherwiao n 
it is not alwaj-a that either tlie materials at hand or : 
disposable are such as to allow of their economical e 
to which consideration, after all, the decision as to 
this description must be referred. 

Vortical inclosure walls occupy the least space, an 
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f the waves t and tlieae 

isteiid of breaking upon the shore, are reflected tflwards 

But walb of this description muat encounter 

1 effort of t!ie naves, wherever these do strike, 

r recoil mast act very injuriously upon the footings, 

[hey be of a very resisting description. The concave 

id hy Colonel Emj have not yet been tried 

EBclent number of cases to justify any definite 

B to Iheir merits ; but they are in many casea 
^le on the score of the ground they require, and the 

w, uot only of the first cost, but of tha repairs. 

teasons which should influence the choice of the form 

liven to the sea slope of an embankment may be re- 

I follows. 1 , It will be influenced by tlie mairt 

I of the winds, waves, tides, and currents, which 

B made to strike the bank as nearly as possible ii 

I normal to the surface of the facing, ii. By the 

) be procured in the neighbourhood. 3. By ths 

|bf land which can be devoted to the formation of a 

. And principally by the commercial coiisideradono 

; ths original execution, the maintenance, and ibs 

t the whole Dpemliou. 

msr slope of the banks will depend upon the 

E Vibich it is composed; and at its foot a catch-water 

t be formed to collect the waters faHing upon the 
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(knd, and to conduct them to the outfall. The Dutch 
9 nsnally make the slope about 5 to I, and thay fona^ 
y about 20 feet wide between its foot and the edge 
tt-water drain. When the bank is foinaeA ai 



I fiUt, it IB necesRory to oorry ap in iM center a 

Iher hard subatancc, lo prevent rats or moles from 1) 
a it ; itiiJ meuns must be taken to c 
B with vegetation of a character to hind togatll 
iiat«rjala of nbii:h the bank is made. 
The land waters oollncted in the outfall drain are Iflt^ 
f nMUs of eluices, whose apertures will be regulated ll 
quantjl^ to be dlBchorged, and the duration of the j 
which the Sow can talte place, as well as by the head <rfl 
vhicb may exist at the commencement of the i 
r Upon the sea coast the int^FTab between iha t 
I great regularity ; but in the upper portions o 
I the caavol flooda are likely to prevent the < 
- periods of variable duration, so that in many * 
it is -very probable that the reclaimed lands may ba f 
or entirely, flooded on ail such occasions : tho cultin 
be adopted must be regulated with a -» 
genciea. 

The simpleBt mode of closing the outfall drain is 1| 
aluioe upon hinges, Qxed at the outer end of n_c 
.wood, masonry, or iron, passing through tha J 
Lhflink. The floor of this aqueduot is placed nil 
I 'the bottom of tha oatchwater drain, end it has « 
f Antwards. So long oa tho hoad of water upon the'tpi 
I file sluice is greater than that upon the inside, it will t 
rdosed ; directly the waters upon the outside have fallen 
I, to form a sufBcient head upon the inside to overcome tl 
|;tioa of the hinge, the sluice will open and give [ 
''the waters. It is, however, adviaahle, that a BlidiB{ 
norking in a valve be placed behind the hinged I 
guard against the possibility of occidental dera 
the latter. 

Another description of gate frequently used in thesel 
is the gate working upon a Torticnl axis and shattinglq 
ftbate, in which the areas of the two poriions of l' 
) unequal. When tho watera on the outeij 
B tiose on the iuaido, tha go-Vua are pressed oga 
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rebate; niien the cf^nszi :*niiE:=Laxs iiiiTxr. ^m 
n and afibrd a passi^ zz. ibr la^i rinfiS; 5^ •nr'tnxAre il 
p gates of this descifziir!:: "vz*irr tx : 'jt-l-^ ir= -nrjiiTT^ 
y are made to nice; ai iz. i,.zi,=^ izlzit. .-i^ iii* jecntr li 
ick gate. 

Phe system of ^rarjir^ is rr^'-i lx-.-^-l hl firf "i^ciJci af 

Humber in our c^ii ci^^nrrr. iz. Zz^irij,- n. -_iff -LLf-i j: 

Chiana and of ihe xLli-r : iz-L — If-fL -Jif '-" — i:-.:r; af 

valley of the yiie is c-:i; i^ '"^^nrnai-r :•: i: rjini & -f^irr 

enalYe scale. It is i::zii=ti ■::7i:- -^f -:zz:!Z.-:Jf 'Jljz iZ 

318 carry, in their do-»TnrLri m^j^^. -Jif* eAriiT iHiErf^ 

y derive £rom the Ul^ eizn^nin-r ii-:^ -rE-ar-iijfiL 

e waters so chaiged are allitr^i i;- £:▼ :^-rr iii "L-.i i: :•* 

rped, and they are retained wp: - i* -n.'zL -Jl^ r-irij z^kti^cs 

> deposited, when they are all-;"»ri :: r^z. :- ij nrf-iz* c£ 

r&ce weirs. 

It is usual to sorroond land propi^-Eii :: le ili^s trsKi^i Ij 
embankment, in which are pl^ce^i ihe irle'. sl^^^ii^s;?. a: ihe 
irest level. The water enters thr^-:^h :hr-=.r sl:;i:*5 &* ihe 
ghest point of one tide, and is retained -iirii.^ the interval 
tween two successive tides; to \x then run ofT entirely, 
en from the ditches, before the influx of me next. Upon 
le banks of the Humber it is considered that the most bene- 
aal effects are produced by the execution of this operation 
Itween the months of June and September; the embank- 
lents are made from 3 feet to 7 feet high, and it is usually 
ilculated that a sluice, with a clear water way about 6 feet 
igh and 8 feet wide, will sufl&ce to warp a surface of from 
to 80 acres. In this district it is found that the warped 
ttds are at first cold and raw, and that they require a 
ecaliar treatment for agricultural purposes. Thus, they 
re not favourable for the growth of corn ; oats may succeed 
pon them, but barley never will. The rotation usually 
lopted is as follows : — The new warp is sown with grass for 
wo years ; on the third year wheat is sown ; on the fourth, 
Bans; and on the fifth, wheat again. Should the ground 
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thus warped be found lo conbtto too much salt, it 
exposed to the air for some time before being bra 
outtiration ; aud at all periods it is found to be oljt 
to allow the salt warp lo deposit upon growing 
deed, in Yorkshire, it is customary to let the nei 
land lie fallow for twelre montbs before sowing Ihsj 
lo let oil the waters aftisr the second crop of wheat 
raieed. 

The quantity of sediment brought down by the li 
jng into the Huoiber is enormous. Lord Hawke: 
his Heport ou the Agriculture of the West Btdingi 
tide would deposit au inch of mud, and the 8M 
-whence it is derived is still a matter of great uncerti 
its mouth the Humber is as clear as moat rivet3| 
floods from the upper comitries, so far from iucn 
quBnlilj of matters in suspension, on the coutiaiy I 
vetj injurious efTect upon them. la the driest sea 
tha longest droughts it is found to be the best and u 
liful, and produces its effect totally irrespective of 
\-a fact, a. new soil is formed, and the operation oi 
differs in this respect from ordinary irrigation, 
improving the soil already existiug. 

The Dbajnaoe op Towns is a, sulyect of such 
interest to the community at large, iliat the disouasi 
best aud most efhcient system to bo adopted has ooc 
attention of legislators Knd engineers at all dmee 
are two branches of the subject which may be com 
be sufficiently distinguishable from one another &] 
poBOB of classification, and which may be, and o 
treated in practice upon very different principles, 
subdivisions are — 1st, tlie consideration of tha n 
removing sui-face or drainage waters ; and, 2nd, of 1 
deration of the means of removing all excremenljti 
ters in such a way as to ensure their most effectual 
without annoyance, and their economical adaptatit 
poasiblo. 
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■ver a large and highly-civilized community assem- 

somsa frequently difficult to separate the two classes 

3 to be removed, especially as existing municipal ar- 

mta complicate the question in aa infinite number of 

pities grow, without much apparent reason for the 

er in which the increase affects their plan; 

fcly, indeed, is it possible lo predicate, and to provide 

kventual wants of their population ; not only because 

^bution of cities may alter, hut also because from 

langea are ofiect^d, even in national hahlCs, 

bfy all previous calculation. -Theuce it is that we find 

■ vant of systematic arrangement in our own country, 

1 excess of it in France, equally sources of difficulty 

iaptation of modern refinementa. But we have at 

8 advantage — that having done little, we have less to 

, after all, it appears to he the wisest course to 

hese questions na they arise, without endeavouring 

Oin the freedom of action of those who are to aao- 

r, in all modem cities the tendency certainly is to 

e sewage into the public drains, especially in our own 

There are still many towns ui wliich tlie old system 

e for surface waters; and cesspools for house refuse, 

t, compulsorily, they are dimiuishiug in numhsr 

There are some conditions which render it 

I whether the concentTB.tion of the two systems in the 

tharging drains be desirable, at least under all cir- 

d in this, as in all other branches of eugi- 

iufiexible rule can be said to exist. Owing ta ths 

t tbe soil upon which a town is built, its conllgura- 

I character of the outfall, and of the country round 

U], a course highly advisable in one case might be 

ible in another. These modifying causes will he 

J sncceSBively : slating before so examining them the 

laditiona to be fulfilled. Some of these consider- 
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^H aliaH irill b« tomd to *ppl* to the diacnMhrn of tim 
^H aMBiBMd «iib the wuer Hnpply of t«inis. 
^H Xlw oooditians mqqind id bo fulfilled ore 
^H Alt Iba wfaola of the anrbcfl uid land wUorB be 
^H anl thlt Iba houM ntute Ik earned awaj aSectuil! 
^H oflnuiTdy. The Uuer will depand, in qttuititjr, 
J^f pofMlUiDn, and tlic greater or less aliundance i 
I waur is iupplied for domestic u»e. In England, it i 

■xceptional eases liiat the avernge number cf ii 
bouse czcBods ft ; vhiUt in Francs and some partt 
Utid it may be ocoBaiouullv as mauj as 40. Upon 
distribution of water being efiected, it is usaal to 
tliat every individual would give rise t« a oonsill 
about 30 gallons per day; and probably of llUs total 
about 16 gallons may End their way into tbo aewsn 
TBrious dependences of bouses. Sewers, then. If it 
remove all waters, must be of sufBcient capaoity to 
R volume calculated upon the above aupposition, togol 
any storm-waters which may fall. It has been ob 
Mr Phillips, thnt the gi-eateat flow of house e9T 
place between the huura of 1 1 and 1 ; and that il 
those hours at lenst ^th of the total daily dischftrgs 
way into the sewers. The capacity of the latter i 
be made such as to dtscharge the greatest quantltf 
water fulling in one hour, euppoaing it so to fall ■ 
house drainage also furnishes the greatest voluma. 

Tba soil u^ion which a town is built may infli 
ohnnicter to be given to its drainnge, either aa it i 
or impede the transmissioti of what are enlled land 
Thus, In many piirts of London, and also in tbo 
Bouthamplon, there exist small elovatious, itw i 
which oonsiste of ati impermeable brick eartb, lyin 
Blratum of gravel and sand, this last again oappin^ 
blue clay known a.'; tbo Loudon ctny. In many ol 
tbo iipp^u- Birfttum of brii;k earth is wanting, and t 
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e BurftLCe etratum ; whilst iu others, B^ain, 
> VBDting, aud the London clay is entirely exposed. ' 
's Ia be laid in between tbe points b and c, 
la formation as is represented, need not be mode of a 
Icapodty than is required to remove tho surface or tba 
pftters supplied by the district; but those to be laid 
|t C and D, aud still more those betneeu d and e, e 

I tho waters JilterLng through the bed of I 
Near London, the osposed auriace of gravel i 



r 80 small that tfae water yielded by it doe 
■to be taken into account ; because the dimensiouB 1 
\ tlta Bevrers to enable them to caiTy off storm-waters 
V than sufficient to relieve the strata traversed by these i 
l[<nhich are necessarily characterized by a certain degree I 

uity in their flow. At Southampton, however, the I 
if mperfioial gravel is, proportionally, infinitely greater ; 

] found that, after a coutinuonce of ^et weather, the 

! the lower portions of tbe gravel become charged I 
tor to such au extent as to inundate all the baeementA 
Be level of the natural ground, unless where large 

e formed, so as to intercept the flow of the aubter- 

ne parts of Paris the same phenomena occur upon a 
e and with greater regularity than in the cases above I 
6 a considerable portion of the city is built upon 
Burly constituted a marshy plain, between the riyer j 
I liillB of Belleville and Moutmartre. The lowlaDds 
1 upon a calcareous formation, callod geologically 
Irer fresh-water limestone," which allows the water to i 
\ with great difficulty ; and the several hill sides are j 
»e]y formed of the gypseous deposits, with their n 
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ciatad marls, capped hy a deep stratum of ennd and || 
MOne, occasionally covered by ihe upper freah-watet lin 
In tho direcliou towftrds Belleville the sands occupy ft 
uderable breadth of cauQtry, and receive a copious s 
water during the rainy seasona. At the same time the ^ 
hills present steep escarp menta, bo that the storm-iq 
falling upon them, Sow away nith great rapidity. 
&om these combined circumstaiicea, that in order to d 
any inconvenience from these respective a 
cepting culvert, executed along the line of greatest depM 
has been formed of much lai^er dimensions than Ihe i 
immediately drains nould appear to require. witboutJ 
ever, preveuling the occasional flooding of the lower $ 
diis quarter of Paris. 

If the geological structure of the soil of a town i&| 
cases appear thus to increase the difEculties c( 
its sewerage, there may he others in which it prodoe 
isety opposite results, so far at least as the removal of tl 

itera are concerned. Thus, in Weymouth, the porrf 
'Ihe town constituting the ancient Borough of MekombeJ 
is constructed upon what is, in fact, the ehiugle. barf 
across the mouih of the Wey. All that is reqwr«d, tT 
remove the surface waters, is, to form openiiiga t 

ived roads or courts— absorbing ivolla, 
raters immediately sini to the level of the sea. 
ts of Liverpool, also, advantage is taken of the a 
nature of the gruvel, to allow the surface wi 
it; for the drains are occasionally executed, in thol 
portion, of briclis laid dry, whilst they are only set in i 
in the upper portion, 

The configuration of a district, meaning by that t 
general conditions of its division into subordinate distd 
hill and dale, will also influence the system of e 
to he adopted, insomuch as it may afleot the n 
mension, and direction of the main sewers. New and 
outfalla may be required for the several portions, a 



Br, according to the fiuitl mode of disj^osing of the 
L distinct establishments nia; be required for its 

e of the outfall is Tery great, for it may 
ceived, that if a, system of sewerage he made to dis- 
I into a waiercoui'se flowing always in one direction, 
case of all cities situated upon rivers above iha 
>, provided the outlet be so situated as to insure k 
pit flow, uo necessity can exist for providing against an 

lation of the sewage waters. But in tidal rlvi 
nenlly will OL'cur that the mouths of the sewers ' 
Iked up hy the liss of the tide, for iiLtervals, varying 
ivitii the peculiar laws of the tides in tlie preciaft 
, arid with the levels of the mouths. It becomei 

Q such cases to construct the lower ends of 

efasTging. of sufficient size to admit of their containing 

f time likely to tiow into them duricg the 

I ol their suspended discharge ; and also 

f sufficient strength to resist the hydrostatic pressure 

f accnmulation in their more elevated portions. It 13 

served, that the above reasoning only applies ia 

iBtances where the sewage is poured into the rivers 
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iculture. 
I quantity of storm-waters 



usefully applied, either 

ing from any given dia- 
a given time, has frequently been alluded to as' 
Etlie most important elements in the determinatioi 
) of the sewers, It is naturally very variable, 
nrding to the latitude of the localities considered, 
Bording to particular seasons of the year : it depends, 
^npon the frequency and the violence of sudden atmo- 
f changes, rather tlian upon tho average state of tho. 
9 ; and, as the sewers must be constructed so as ( 
F the maximum rain-iatl, the ascertaining accuratel 
La latter may be is an Indispensable condition for 
poatloD of their capacity. 
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In the oom men cement of this Section, tha 4 
tribution of rain in different localities was t 
summary manner It may suffice, tlien, at pre 
aervo, that torrential rains occur with the greatest 
in countries near the tropics, but that higher latitt 
DO means exempt from them. At Borne, where 1 
annual fall is about Q feet 8 inches, showers hai 
served of IT hours' duration, with & total ftd.1 of no 
6 inches. At Marseilles, in a shower of 14 Loun 
13 inches of rain have fallen; and t 
nearly B inches. At Southampton, Uie greatest fall 
been noticed is about )i inches in 10 hours; whilst 
as much as 6 inches of rnin have fallen in IJ I 
latter observation would appear to have been ial 
aome very exceptional phenomenon, perhaps of th< 
of a waterspout; but it appears, from numerons 
Bervations in England, that storms of a similar nat 
mentioned as observed at Southampton, are of 1 
frequent occurrence to justify the assertion of tha 
" wheu aewers are constructed to carry off etona-fl 
should be of a capacity to discharge a proportion i 
rain-fall in 24 hours, varying according to tha c 
the district." 

The proportion so flowing into the sewers 1 
upon whether the district be rural or urban ; a 
latter case, upon its configuration and the degn 
meabillty of the soil. It is usually calculated, d 
open oonntry about Jrd of the rain-fall finds its « 
into the natural watercourses; in ordinary com 
about frda are estimated to flow at once into tJ 
and, perhaps, in large densely-populated towns, it 
safer to calculate upon f ths of that quantity u 
reach them. 

If a demand existed for the applicjition of aewa| 
*0 agricultural purposes, and if a sufficiently oo|ni 
fid Bvpp]y existed to insure the flushing of ths 



lid unqimtkmUT t« jLitfwuiiitf n is^fr 
rage distmct. brksnaiF -nkr skhsl unrrionei^iiL it 
intities of EUrrm-wsuEr sns: nnKzniidii^^ el 
the qoalitr <€ lb* bf^hife. ▼iri-i -miii i.^ ibL ii » 
gildicifll to its ocaaELoi. TimmnBi^*^ rtm^ sjimk 
bo difficulties aUexk£^ "^iris iismsL nFTiiiaciini. ip iflHr 
the present stase cf icnscjmaL. ant eurnfezr^ir «^aEm?T : 
1) tiotwithstmdizf iIk ':*:•!£ ae^emD^ of ^rinA mnuEK 
llOiities, iriio fpoca thor T»3sr±c: Tnrrr ferrr iir^ ttwt 
)ected to exercise erecec -iwj_« ! eiil cssirwmr. i^L tbf 
smpts to spplj liq^i sewtisi zdehit* itt^f '!»?el "* ■ >i*'*ij- 
st signal economiesl fcsZ^TEft. 1^ spriLTrmriL n: tik r^n 
ises would prodace in zcbej cn9« cz. hfiL-^^pniC fai ^mrt^g e, 
m the &ct of the smsTer Be^yml Eret T?«rT±r*i f:? tJk 
rers, and, conseqneniZr. fnn "Lbr inrfrtsri ftZ. re. Vbfrf 
it could not be oiiair ed. fnr: ilie rreiTTT e^Lf'Tttii'i: ai 
ich the outlet might l»e esiiiliriei. 
rhe fonn to be given to stvers ihet siT^rrzie? Twrzre 
be different from irbsT i: is t: cilfrs. c^r.j t:- "ihe ne- 
fiity \vhich may exist to visit and clesnsr thctse irhirh hare 
t either a suflBcient fall or a sufficienilT c: pious suj^lr 
vater to keep themselres clear. The onlv inTariaLle rule 
be laid down upon this sulgect is, that " the wet contour 
3uld be made to bear the smallest possible propc^rtion to the 
stional area," for the simple reason that the friction is 
fays in the direct ratio of the surface upon which it act*, 
follows that, wherever it is possible so to execute them, 
irers should be made of a circular section. For house 
rers there can be no difficulty on tliis score, because the 
Podaction of the tubular drains has furnished not only the 
st efficient, but the most economical, means of execution. 
B only remark which appears to be required on this sul)j(H',t 
ears to be that, at the present day, tho tondonry iw to 
2ute them too small; and that there is danj»or of tlicir 
king if used of less than 4 inches in dittmotcr. I^'or 
ndary main drains the samo system of lubcfi inny Iki 
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•r,!>-':rrt.i.'r. Tlirrr ^11 :t l»iz.'i i-3 -nan'^ prrcahilides of ab- 
ir:r-..r.-:!:. 1:1 i -: . r7'.iz LiZc-rr ±-.1^. "iie n:cTTT;;'.ir;oc. of gi B*^ 
*•":[•*-: ±-:iL "--i vu^r. 'liiiz r. ■< '^77 iicado cable whether B'=^ 
■::ij;»is iii.'iL: t^:: .e ir-ri tliIi: r,i :j.e 5:r:na.:ii::i :f adeet- 
TTiiiiis-- : -." "Iitl: -:ii.""- '.ir.t:!i liI T-r.-^kiz iz zLudnuSi dismioa 
:f ^-.h. : 1 ii^-r. :l* v-.iicur fr^iiec: rurcriaiiiMS of co«- 
sa-ir/jiar. .11 v-.-j. -ii^ irzi:"5~!i':r-. C'ltnrarv -3 :he Sishianikb; 

cir'.i'iT Li-T-r -rr^r.-.r^l izr-i :: all:-v :f iis beiiLZ visited anlfl^ 

r^cfeir*«i •x.-.i-: .-: ■=_".;.. - r 'Ji-r zcctrssiij f:r cpenxDg Alj 
gr':»:»L.:L T--c ::m :: iiiii. s^^^-rrs iiopccd in diffenifc-l- 
C07:r::r:c5 -^iJi^s. 15 11^7 c-i f*rr:i ir:Ei the annexed sketdiflibr 









of which A n;pro.sent3 the sectiou of the maiu sewers used it] 
I'ttrirt; I J rcpresonts the section lately adopted in our 01 
rrHjtropoli.s. 'J'ho former is more convenient for the opei 
\\tiUH of workirion, whilst the latter is certainly less likelj 
to rurjiiiivj chjuiisinf,', because the scouring action of the waterj 
is niudo U) opoiiito inoro forcibly upon the materials brou^l 
into tho HDwrrH. 

Whiit^jvnr bo tho form of sewer adopted, the dimensu 
iihould iilwiiys bo ciilciilatcd so that it should be able to 
diHrbiir^^o tbi« mnxiniuiu quantity it can ordinarily receiva 
ivitlnMit W\\\^ moro lliau half full. The inclination to be^ 

iron lo houso sonvui-s should be, at the minimum, i in U4i 
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fch in Iti feet; that to be given to submains, also at tho 
Bn, 1 in 480, or 1 inch in 40 feet ; whilst the incliuation J 
Kven to main drains may occasionally be carried as I 
K in 9300, although it, is decidedly preferable to keep I 
Bhe limits of I ia 1000. All junctions should be I 
b tlial the axes of the secondiuy aevem should ba 

■ of circles taogential to the axes of the main aewera, i 
K the largest radius it is possible to obtain. Side 
Ba should be formed as closely as possible to the 
K intersection of the respective sewers. 

feoUection and disposal of sewage must, evidently, from 
b been said before, be entirely guided by the demand 
Imaterials so obuiued; and, hitherto, they have all 
feted ia England. This is the more to be regretted, 
Bdu France, Germany, Belgium, and Iialy, the manure 
nd to imn to waste iu England is found to be highly 
bl, and in our own country all mauuros are expensive. . 
Kffinburgh some attempts have been mude to apply J 
■n^e, by inigating meadows with the water from I 

■ jret the results there obtained are for from such us j 
Uy to guide us in the seleotiou of any general course I 
Reding. The mode of application at Edinburgh is 1 
Kn fact, to be very ohjectionable, on account of the I 
■ell given otf; and it is also to be observed, that: it 
■Rppens that any extent of meadow land can be found 
Mge towns, under the necessary conditions of level to 

■ fi similar application by mere gi-avitation. Fairly, j 
BOBOl of sewage is the great problem still to be I 
K by ail pai'ties connected with tliis branch of en- J 
me; the very injudicious assertions of the advocates 
ma theories have hitherto only indisposed the public 
Kta examination, 

■ft case of Edinburgh, the storm and house waters j 
■ducted together upon the meadows irrigated by the 

■ It was found, however, that there was loo much J 
■n tfafl coutenta of the latter, and it became necessary^ 
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p form cateb poada, in order to enable it to depositj 
t must be borne in mind, that in the days when tliais 4 
Mre formed (1S30). the habju of ihe Scotch people| 
lot luch &s to G 
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out from four to six times a year, a result so little si 
irhat might have been obtained by ordinnr; irrigation, J 
ibere is little reasoii to induce any person to inoiir A 
.outlay it) order to obtain similar privileges. In the g 
■bourhood of MOau nearly the same results t 
fin the waters of the Naviglio Grande, which raotai^ 
small quantity of honse sewage continental habita I 
to flow into wat«rcoursea, were fouud to be too rioh a 
and after deposition not to produce much gre&ter 1 
than those derived from any other stream, so far, at I 
as grass lands ^vere conoerned. Upon com lands, tha^ 
oatloQ of the comparatively highly-diluted c 
seems to be of very questionable advisability, whilst, I 
same time, it is to be observed, that the price of I 
the immediate neighbourhood of large towns rarely sJ 
the cultivation of what may be called bulky crops. 

It appeal's that the common senBe of the dispfld 
eew^e matters consists in obtaining tlie deposition a 
fertilizing properties they may possess, and in seourin 
in the most portabk form. The' great dit&cult^ to I 
some lies in the ammoniacal salta, which n 
proposed has Guccoeded in obtaining in a permanenbl 
The use of lime water may cause the precipitatioi 
tnatter, but the' salts of ammonia in sewage waters i 
exist in the condition of the carbonate, and there ii 
ButBoiently preponderating affinity between the lime a 
carbonic acid gas to cause the latter to. quit ita combi 
with Ihe ammonia to join the lime. Perhaps the a 
flulphate of lime or the sulphate of iron might be a 
ith more satisfactory results. 

Jn France, the system adopted in deahng with t 
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I of eewage of towca, is, ia separate the rain and 

i from those derived from water closcta. The 

lescription of sewage h collected in cesspools, made 

oieable as possible, and from which it is extracted 

r required ; or it is collected id large casks placed 

B and commutiicatiDg with the soil pipes. The cdq- 

i differect descriptions of cesspools are carried 

f lay stalls at Montfaucon and Bondy, and allowed 

Bonaar to settle in vast tiasins or roeerfoirs, two ia 

[i with a close dam between them, so that one may be 

it the other is being emptied. The liquid upon the 

s drawn off by sluices, and passes 

f into not less than seven other basins, in which it 

I, for the purpose of causing the 

f any matters in suspension. The area of the 

"8 is about equal to Hi acres superficial, with a 

i 18 feet ; the area of the lower 

1 to 13i acres. From the last of these the watera 

I to escape into tlie main sewer running through 

! at the foot of Montmartre. At Bondy, the 

f dealing with the manure is in principle similar to 

■ployed at Montfaucon ; and in loth, the solid matters 

i at llie bottoms of tlie reservoirs are iflaced 

dry into po«'der, before being used, 
the mode Sf dealing with sewage 

1 over the Continent, and to a certain extent, far 
, even in our own country. Anythi 

jf absurd, or mpre injurious to public health, it would 
lilt to imagine ; and, excepting that some use ia made 
mure, the whole system may be cited only as A 
» avoided. Cesspools are always objectionable, 
f retain a permanent source of infection where- 
1 however constructed. The operation of cleansing 
I always disgusting and injurious, whilst tha fOuL 
Ions from the depositing reservoirs contaminate the 
; 'distance around. Add to this, that, ' " 
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again, tlie best reeiittB aro obtained iVem those cbIIo 
and. as they are nlmost tbe only ones adopted io o« 
the (dlowing remarks will be confined to them. 

The period of the year in which the water shoald 
over the land will vary with tbe latitude, and tbe f 
which it ia to be applied. In England it is uaed a 
for the express purjiose of protecting the vegetation' 
efTeots of frost, and is therefore applied in wintarf 
be desired to retain the matters in suepenaion i 
they should be used in the later part of the au 
the early spring, because it ia at those epochs of lh» 
rivers are the moat charged, under normal i 
The usual practice in the south-west of England ia,* 
through the monlba of October, November, Decel 
January, fi-om 16 to 20 days at a time, without iat 
At the expiration of each of these periods, the groi 
to dry during five or sis days. If a slight frost shtq 
the water ia again immediately turned on, hut tho 
left dry if there be any probability of a long-conti 
severe frost. In February the length of the perio 
gallon is dintinbhed to abuut eight days, and care 1 
shut off the water early in the moniingrso as to 
ground to dry duriug the daytime, and thus oil 
danger from tbo liglit fiosts at night. In March 
precautions are observed, and the periods of irrig 
dually diminished, in such proportiona that the g 
be thoroughly dry befoi'e the end of the month. T! 
are then depastured during the mouth of April by 
lambs, and eaten barely down before May by a ] 
After that tbe grass is allowed to stand for hay, ( 
districts it is usual to ireigate for a week before it 
hat, as an invariable rule, it appeara that when tl 
two inches high no more water is applied. 

Occasionally the lands are irrigated after the 
has been carried ; hut it is asserted tliat the i 
aftermath is, vmder such circumstances, very 1 
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Itrana lands irrigated in Biiram«r aro kmnm to 

lUA tJiA rot in those EtnimalB, diougfa cattle are not affected 

simitar manoer. It is known, also, ttial if the punA 

r remain upoa land for anj leagth of time, especiallj tn 

- 01- aummer, it deposits a species of white aonm, of the 

ijce of melted glue, which acta verr injorionaly upon 

. ilities of the grass. 

,- little is known with respect to the quantity of water 
I to irri^te a deiinite surface; and indeed this mUBt 
'[ upon many circumstances counected nith the latitude 
liistrict and the nature of the eubEoil. In the sonth 
!iice, it ha& heen calculated, an acre of meadow land 
require about 1300 cubic feet of water per day during 
ison for irrigation ; but there the land is very light, 
!■: ground, owing to the summer heats, is very dry. In 
.i]il it is almost certain that, even apon tolerably light 
t. would not be necessary to employ much more than 
pbove quantity. In the county of Glouceatershire the 
I, to allow a stream of two inches in depth to flow 
i, and to dress the latter with a fall of half an 
f foot from the feeder to tbe drain. 

mditions for the estAbliahment of a system 

Idq are, that a copious supply of water exist at ell 

3 that the land to be irrigated should present such a 

I as to allow the waters to 0ow over it with a 

rent, and to insure a perfect discbarge of the water 

oil have passed over the laud. 

r may be poured over the land either by means of 

g the whole width of the clmnnel, or by a lateral 

laocording to the water privilege of the landowner. 

r ooarse is preferable wherever it can be adopted, 

i enables the water to be penned back, and thus 

r a greater surface and upon higher points; but it 

f to pay particular attention to the effects of suoh a 

I the flow of the stream, in order to avoid flooding 

■ of neighbours. It must be borne in mind that the 
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moat iiQporUDt of these is the batch at the mouth of ibii 

duotor, which will require to be of ooosiderable unnM 

order to resist the efforts of auy sudden fresheU : for if |l 

Bbould oflcur n'hen the crop ia iu a funvard stale, and \m 

l^dovrn waters uliarged with much eedimentary matter, I 

tuay |jroduce very disastrous elTccts. T)ie floating ml 

temselveB may be cloeed by movabie dams, or meiH 

f turf laid aerosa the mouth. ^^h| 

1^ All the above remarks must be couatdered'^^^H 

Bsing a very general application, aod as being^^^^^J 

iation according to local circumstances, ThuBri^l 

Ition frequently given to the main conductors in ths'fl 

■ tidnoua districts of tha Alps. Tyrol. Savoy, DaaphJnu 

' Pyrenees, ia y^j, ; whilst in the private canals Utaly artl 

in Piedmont and Lombardy, it varies from tsVo *o Wwl 

in La Provence it varies from -risSrHr to trSit?- It mH 

pear that iu mountainous couotnes, therefore, UiA^t^H 

may be adopted ; but tliat if iho inclination Apfl^^H 

beoomes necessary to retard the velocity of th^^^H 

aeries of cascades or dams, for there are few usBHI 

resist ita denuding effects under such circumBtai)MB'''a 

a take place in a plain where the river has ba 

_loIerably clear, the inclination may he mado as stated ■ 

rs'flff to 3t;'„. I 

In setting out the main conductor, it ia important tU 

dius of curvature of the changes of direction be VuM 

large as possible, in ordor to avoid any diminutifln d 

velocity of the flow and the rate of discharge, and d 

obviate any destructive action upon the banks. The min 

radius should be from 100 to 150 yards. The hanka ahoj 

ko[it at least 8 inches above the water line when the sun 

. constant : and it is even dosii'abla to malia tiat heigbtj 

j^^^fi ta 16 inches, to guard against any incoDveniencs Crad 

^^^bvfilopment of aquatio plants, which takes place vrithj 

^^Btraordinary rapidity in all such positions. The peoDUsrl 

I:" ""d 
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6 with the Tute of dlaohargo that) would 
their preoisQ Toloma ; because they retard the 
F flow, on account of the manner in which their long 
s follow the direction of the current. It is importAnt 
y ahould be cut as often as poisibla. 
'he establishment of guugea for ascertaining the quantity 
rater Sowing into an; randnctor is an object of importance 
nany couatriog ; but in our own, wherever water can 
.ined for the purjwses of irrigation, it usually is to be mot 
1 ia such quantitiei as to render it unnecessary to take 
I of the degree in which it is coneumed. The subject has 
1 discusaed in an article upon Water Meadows, in 
de Memoiro to the Military Sciences," in which also will be 
id many formuUo besides those quoted above, which are 
H as being practically applied by the engineers of France 
Italy in the execution of this description of works. 
t is necesBaTy to construct waste well's or overilows upon 
sides of the main conductor, especially when the straam 
I which it is supplied is exposed to sudden and consider- 
variations In its voiumo- 
fwiter may oecaaioually be obtained in sufficient abundance 
iirigation purposes from artesian welhi ; and many works 
his deeoriptioD have been executed in the northern parts 
[taly and in France. In some cases Ike waters thus 
led are eminently advantngeoua, because their temperature 
more constantly uniform than that of rivers exposed to 
lospherio iufluences can possibly be, and their chemical 
stitution is also frequently of a most desirable nature. lo 
er positions it may often be advisable to procure the water 
<ii>'ed by titechanical means; and under those circumstances 
ui' other of tlie various engines already mentioned, o 
. stiribed in the ue\t Section, may be employed, according 
'■ particular circumstances of the ease. It may be ne 
;i) observe, that the system of water meadows so much 
, ;jjed in Devonshire is the cfl(eft-work meadow; and that 
■aiotmed by turning the water from a stream along the 
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'nde of the hill, through n small cut mado nfsrly level 
stopped at the end. As soon ns the cut ia filled, the ". 
flows over the aides ; and. in order to regulate its Telocity 
equal flow over the whole field, amall parallel cuts are fiii 
iat diatanccs of from 20 to 30 feet, which, lilie tho main < 

ictor, are stopped at the ends. The water flows from tl" 
the same manner as before, over the intermediate I' 
finally received into a main drain at die bottom ni' ■ 
field. Narrow deep drains run from the top of the fi'l'i 
the bottom, at right angles to the watercourses, and ni 
tances of about from 50 to 00 yards, for the purpose of drm 
away the water from the intermediate beds, when the 'ii" 
tion of flooding is completed. Their ends are stopped, I 
erer, when the water is to be turned on. 

It is generally considered that the first coat of prep.i'-; 
any large surface for the execution of bed-work irrigaii ri 
about lOl. per acre, although the Duke of Portlands celelrr 
water meadows cost as much as 30/.j)er acre. Calch-n-'ii 
irrigation costs, on the avemge, half the above, or about .11. 
The maintenance of either varies from betwpn 
(is. to 10s. per acre ; and in every instance, where water '■!■ 
liows have been skilfully prepared, and the supply of wa.ii 

ilerahly abundant, tho rent has been at least doubled. 
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PREFACE. 



I Ingtbened dalsT which lias uken place in tbr pabliaa-J 
■ d dw tlnrcl Toliime has heen oi>Ra$i(ni«d \iy the em 
I at tamt* which my professions] enpapfimcHls ha\<(! 
I to deviite tc literary pursuits, and which timij 
D eUiged to he divided heTwemi this and sovtsral othfit 
lo order that dd fnrthor delay should occur, I hftv*J 
dtlie task of completing that portion of tho prc^Mnnt 
i lelftdng to Hrdraalic Engineering li Mr. I'nmpU, 
HENRY LAW. 



\ accepting the task of completing th(i portion of the 
rredly popular Treatise on Civil Eiigineorin):! which Mr. 
n.ftw's engagements have forced him to decline. 1 would fftitl 
■west the public to extend to me the indulf^noo usually ai 
. l-A to those vho find tliemsclvee called upon to ondnavnUM 
Mil in nil outJine sketched by another hand. In th[« paiM 
II uliir instance it has been my aim to confine my observnlluul 
nilliin the range of the Kynopeia inserted hy Mr. Lovr ul Ibri 
ittencement of the first volume. InBonaihly they hAvM 
ieded the limits be had proposed, ami this brancli A 
ilk has attained a development perhaps ffreater thai 

proportion to the remainder. Hut the vorjffl 
f the phenomena connected with Hydrnulic EnKineow^ 
\ complex that these appeared absolutely to reqiiin 
atitied in detail, in order to arrive nt a correct fjnneri 
^tMir of tlie subject; and, lengthy as this portion of thi> TroK 
■iMtr spp«v. it 13 to be feared that much has still Kufl 



■ topi 




— irtBJ — OMliT oAgecti of (tody mad 
\mud ■! thu ei^plnaed. 

To ftriliure Um> reuncbes of ifcoGO wba mav b» d 
the u]%«»tigstian of thb most hiUreeting bra 
profMBtoa of Ciril Ea^aeenng, a list of ih? 
Mlebrated aatlioRi vho h>Te treateJ of its deuU-. I' 
■BOned. Tbe list is far from being ooiiip1ei<: 
eontuns the names of all nho bate falleD uniler 
penoiial obsetration. 1 have Arnva from many 
•ources largely, and liave endeaioured to quote my an 
when there seemed to he any originality in the ol" 
Yet there are doubtleselj many instances in whicli 1 
ha»e acknonledged the full extent of my obHgatii>i 
fuct is, tliflt, in the domain of the exact sciences, 
iliscoveriea have become public property, so ii 
thai, they seem to form the stnpie of our Im 
and to be used ivithont reference to their nuthn- 
spocies of tacit conaent, when a law has once been hJ.. 
il, Reeraa that it is the right of the next comer to use i 
ihe aame freedom as the discoverer ; and so many sac 
nre being every day added to our stock, tbat in ti- 
ll kind of confusion prevails as to the parties to wlinm 
reully indebted. It has, however, been my object in ul 
lo render honour to whom it was due. 

PersonJiUy, I regret that the limits of the Treatise c 
nllow a moro lengthened investigation of the subject 
Kupply of wilier to towns, and the application of the b 
These are subjeeta bo promiuent5y before the put 
preseii), nod so many questionable doctrines have be< 
malgnted nt iho oxpmi.so of the ration, with respect to 
that it behoves every engineer, as far as lies in his po< 
oouuieract the mischief it has been endeavoured to ^ei 
lo recall the nlleulinn of the public to the real merits 
To do so eompletoly would require snotLer t1. ^ 

Rudimentary Trrntise; iieverlhetess, even id it. 
noin uid vasvn to call att«iitioD to some of tb^ » 



incompetent per^ns. Tte misfortane iti 
[is, tbst if an investigntion into but sabject be aoder- 
nsoally made in ihe msnner so plessftnllj 
i by Beanraarchais, and "if a niaihematician be 
B take a dancing master;" or literally, if an 
made, and any snbseiuent measures adopted, in 
mected with engineering, the parties it has lately 
istom to consult, are tba omniscient barristere-ai- 
I those who have devoted their whole lives to the 
e questions it may be desirable to ehicidate. And 
D be observed, that the two professions of Engineer 
er-at-Law are precisely the only two learned pro- 
!ch can be taken up without examination or di- 
B remedy to so great an evil is hard to discover, 
in the freedom of the press. Unfortunately, the 
B latter is slow, and much mist^hief is done before 
5an he fairly roused to the consequences of fol- 
Bg tbe instructions of its blind guides. Nevertheless. 
tgna eat Teritas et prevalebiti" 
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CHAPTER V. 

RDPPLY OP WATEK TO TOWNS. 

a* quoatioua which affect the tlioica of Uie source and 
ma of supply of ivatei' to towns are those connected with 
qualities of the water itself, In the iirst instaoce ; and, in 
second, the relfltive conditions of the difference of level, 
the distance between the-aouice lesoited to and the place 
nhich the distiibution la to be Eiipi,ted All waters, as is 
bll known aie not equally adapted to doniestu use: and i 
which aie so adapted aie rarelv toimd in the precise 
whete they are to be used, ea that in almost all 
.es it IS uecesBaiy eilhei to bung the bujply from i 
e, or to laise thtm abo\e thpir natuial leyej 
(itJistandiug all that has been said m the controTersy I 
ling baid and wft wateis there i3 still very great | 
iint\ fl3 to the piecise qualities required m those to be | 
ited in towns and the public (.aunot be too frequently ' 
1 to hesitate before it adojta implicitly the opinimia of , 
. ho thougli neither engineers nor phyaiologista, Jiave 
LSBiimed to dittate upon the subject Unquestionably ' 
ive hacduess is an objection to a Boutce of safply; 
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W BOine at the chemical combmstious whioh give rise to ihia 1 

I diaract«riatic, if they only act witbin cerUJn limits, (iii 

' Btated by the most eminent authorities to render tlie sliglii! 

I hard waters more adapted for human consumption than n; 

bothers, Soft waters, agaiu, are unquestionably more pleii:-^;i 

B)Uid agreeable for domestic use than hard waters ; but iL' 

miery softuess may' be owing to the presence of ingrediei': 

rahle to affect, elowly but aorely, the physical organization ' 

r Uioae constantly using them. Habit modifies the action ' 

|iarticular waters upon the human frame ; and it is nolori .: 

y that those accustomed to any one (whether soft, ss flo'v.i 

from the primary rocks, or hard, as affected by tile carbon :: 

or the sulphates of iime) are always seriously affected «!• : 

they begin to use what would be uciversally considercil 

better water. Dogmatical assertions are as dangerous iu il . 

case as in all others ; and, at least until competent autburi!. 

sholl have decided what really constitutes the perfection H' 

water supply, questions of economical expediency must ni^ 

mately decide the course to be adopted in the majoriij 

In the present state of uncertainty attached to this siii>i' 
it may aiiEBco to adopt the conclusions laid down by Theiim 
p pronounce those waters to be fit for domestic n 
which are fresh, limpid, and free irom smell — able tu l< 
vegetables without affecting their colours, and to dissui' 

' Eoap without leaving curds. Tbey should be very sh'ghi 

[ affected by the nitrate of baryta, which will indicate i; 
presence of the sulphates in combination; by the nitral'. ■' 

I ulver, indicating the presence of the chloride of sodiam; 
the oxalate of ammonia, indicating the presence of Hie, m 
of lime ; by the fcrro-pn;ssiale of potash, indicatioi 
presence of salts of iron; or by the other chemiodl 
usually employed. The residuum, after evaporation, ^ 
be very smalh A certain proportion of carbonic acid g 

^ considered to improve the digestive properties of a 
puking purposes; and nearly all physiologists, 
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■Kf HippOCJ'ates to the present day, nesei't that, in sraall 
^Bjes, the chloride of sodium and tlie bicrarbonate of hiii« 
^Bo essential. 

H| tempei'alure of water is of nearly equal hygieni* 
^BUae with iis chemical nature, and it should be aa 
^■tt as poBsiblei that is to asy, compared with tha 
^Uiere, it should be warm iu winter, and cold iu summer, 
^BQ la an importaut condition, for the oxygen tbua 
^■njcated forms, in fact, an essential element of tha 
^MtS of water. Vegetable and animal matters, either iq 
^■*ioii or solution, must be removed; not only because 
^H« disagreeable iu themselves, but also because they 
^Bthe oxygen iu suspension in tbe water, and causa tba 
^Biapidly to putrify. TJie presence of this olasa of 
^Htiea may be detected by chlorine solutions, or by a 
^■l of gallic acid. 
^Hf ^11, the most eiBcient method of ascertaining tha 
^■jalities of a water supply is, to obaen-e the effects it 
^Be upon the organized life resorting to it, espeeially 
^HB buman beings using it. Organized hfe is, in 
^Huire delicate teat than any chemical agents can 
^K it is eventually affected by impurities too minute to 
^Rtoinad by the gi'osser appliances of science. Such 
^Bthdrefore, as are habitually used by vigorous, powerful, 
^Hltby populations, can never he pronounced to be unfit 
^KflStic consumption, whether they be hard or sgft, or 
^K Ibey contain salts of lime, or salts of soda, or pot^h, 
^KW&t«r> collected in the open country, or at sea, a short 
^■er the commencement of a shower (ror tbe first drops 
^H c^iy down tbe impurities iu suspension in the lower 
^W ttia atufo sphere), is tbe purest that can be obtained. 
^Hh it sometimes contains nitric acid; on the sea-ooast 
^ften brackish ; at all times it is aerated, but flat, and 
•J to tbe taate, and apt to cause colics, probably from the 
e of carbonic acid gaa. For industrial operations it it 
y considered to be the must advantageous. 
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f nater is vithout air, and usually deposits 
f ^uanUty of dual on being melted; ice iTater is I 



[ pare, but dilHcuU of diges 
K'foitre, is usually aLtributed I 
; heaUby slate of tbe crt 
ring Ibeir long arctic voyf 
ource tbau tbe dissolved i 



Tbe loalhsome disease, ;: 

of Captain Parry's fli;i 
), wheu they had no oili' 
I aud snow, would nppur 



that, if proper precautions bo taken, they mflj !«' 
resorted to without inconvenience. Indeed, as several of tin I 
sources of soft water from the earlier secondary formati""! I 

)duce glandular swellings analogous to the goitre, it w^i"'' 
he reasonable to infer that the latter must be owing (o n: 
matters contained in tbe snow, rather than to any quaint 
inherent in the waters deiived from it. 

Spring waters depend, for their qualities, upon the mU- 
of the strata through which tbey pass. They a 

(rain-faJl soaking partially into the ground at a higher 
tion, and finding its way to tbe surface at such points a 
'less resistance to its escape than it meets in any othra: 
tion. As pure water, such as falls from the clouds, I 
remarkable affinity for many of tbe earthy bases, and fi 
gases with which tbe latter comljiiio, it must be evident tj 
the springs will become impregnated with both, in 
to the time they are exposed to their influence. 
egaiii, are formed by tbe confluence of springs and 1^ 
streams fed by the drainage from the watei'sbed;' 
quently, near their sources ibeir waters must partid 
the Respective properties of the latter. In their J 
however, tbey may acquii'e a degree of purity far j 
I iban exists iii tbe several affluents ; especially if tJ 
v'over a rocky or a sandy bed, and do not receive any oiJ 
" matters drainirg from the lands they traverse. 

gas taken up by the springs in tbeiv underground coitt 
be given ofT in Ibis manner, and even many subsla; 
state of chemical combination may become separated 
iKit. therefore, always true tliat the nearer the S 
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B the supply ; but, on the contrary, so much do waters 
in gain b^ exposure to the atmosphere, that many physio- 
ists lira of opinion that river waters are preferable to 
se obtained from springs. 

riie extent to which waters are iraproTed by exposare t« 
)l1 (iiosphere must naturally depend upon the nature of 
: iiripurities they may contain. Thus the carbonic, and 
iietimes the sulphuric acid gases, are parted with easily, 
1 the earthy carbonates deposed ; but the sulphates of lime 
i the chlorides of calcium and magnesium ave retained 
ich longer. Ofteu the distinguiabing elements of two 
'earns may be traced for a considerable distance below the 
int of conlinc'ttce; and, again, it may frequently happen 
It the impurities contained iu either of them may facilitate 
(deposition of those contained in the other. The greatest 
ictical inconvenience attending the use of waters taken 
■•"■tly from their source appears, however, to lie in this — 
liiey are, under such circumstances, certain to depose 
■ itrthy salts in the conduits employed in their distribu- 
Such waters as contain tho bicarbonate of lime, or the 
Ipjus 0,-iide of iron, are especially exposed to this objection. 

Collection of Water from Smface of Qround. 

rhe small streams collected from the watershed of a country 
St be affected by the considerations above described; that 
to say, their qualities must depend upon the strata over 
ich Ihey flow, upon the organic matter cai'ried into them, 
I tljeir exposure to the atmosphere. It must be borne in 

I. in all these discussions, that it is now generally admitted 
il" the total rain-fali supplying the fresJi water of a large 

■ (jf conntry, one-third flows off in the shape of rivers 
ve ground, one-third is employed by the vegetation or 
in evaporated, whilst the last third penetrates the ground 
I deep-seated springs and wells ; or, at least, that 
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I these propoflionB hold for lUe majority of casca. !i i? r..' 
E$>rnier quantity, thefefure, that must be i^lculated iipoTi 

1 cases where it is proposed to obtain a eupply from .i. 
\ TTatershed of any particular district ; at least, unless ii I 
(kjeeible also to acuure fliiy deep-aeated springs. J 

Now, it must be evident, that, as lbs streams fniiatlrtl 
Wateralted of a district are supplied by the rain flovring iiume- . 

Pdiately olf the land, they must vary considerably in (oliiiH' 
kHd that in wiiuer, or the rainy season, they will be fiii' 
Whilst in Bummer they will be eomparntively dry. 'I 
Vftriations in volume will depend upon the gi-enlei- or 1' 
equality of distribution of the raJn-fall, upon the eonfigiu 
tion of the country with respect f« the onllines of hill n 
dalei ttud upon the capacity of the superficial strain ' 
absorb and retain water during wet weather, and to part *!■■ 
it during droughts — iu fact, upon their capacity to store wi.i' 
and thereby equalize the flow. All tliese combined e 
hftTe been observed to prodijce very great irregularitifl*i| 
it beoomoB necessary, when a constant equable supply ft 
^^— obtained from a given watershed, to construct t-BBerrtiii 
^^Lta store the e.tcess of obe period against the j 
^^■lADother. Tho dimensions of the reservoirs must I 
^^U upon the distribution of the vain-fall, and it inaj If 
^^F down as a rule, that they should be calculated 1 
^M reference to the maximum demand and the n 
^r than to the average of either. A capacity of storage tl 
about six months' cousumptiou, in addition to Ihs q 
which ie likely to be evaporated, appears I 
which should be admittad when it is proposed to eU^ 

I agglomerated population in this manner. 
Waters thus stored are much exposed to det«rii 
quality, 'i'hey develop with singular rapidity bofii 4 
Bnd vegetable life, and the decomposition of the IsKi 
in B. state of decay, communicates elements of ftittl 
Unations of the most repulsive and noxious i 
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I must be filled uecessarily with stagnant J 
ft; and tliese, if expose<l to tlie atmosphere, must also I 
Rsed to the variations of temperature of the latter. I 
m following niles should be observed, wherever local J 
■Btances will allow, ia the construction of reaerToirs : 1 
ma capacity be obtained by increasing the depth, rather J 
be surface : time the aides be as nearly as passible 1 
m; and that they be covered, so as to protect them J 
fctmosphevic influences, amongst which may, perhaps, I 
Buded the sun's light, for it appears to be the most I 
Bt cause in promoting vegelation. The expense at I 
b the execution of these works ia so onornious that 1 
Kan be but very few cases in which they ought to be 1 
■ken; and, indeedi in all cases where covered reser- 1 
■re required, very careful and elaborate comparative I 
■sB of the cost of all other sources of supply should I 

mif be interesting to state that tlie cost of some large I 
Issel'voiTa has been about 450^ per million gallons of I 
Kored. No towu reservoirs appear to have been con- I 
b at a less cost than about 6002. per million gallons ; 1 
I the Croydon Heservoir, the only covered one yet con- I 
Ml cost rather more than 4000?. per miilion gallons, I 
■Dg the price of the land, I 

kll-esecuted system of cntcb-water, or of thorough I 
■e, would unquestionably increase, to a remarkable I 
Kibe quantity of water derivable from a given area, but J 
Kb nowise diminish the necessity for constructing the I 
■ icservoirs. but i-ather, on the contrary, augment it; I 
■essarily, the storage mpacity of the ground itself ia I 
■bed, in the direct proportion of the perfection of the I 
■». The formation of a system of thoi-ough droinoge I 
■K TSty espenaive operation : and, when combined with I 
■Hri^ for reservoirs, it must lead to so great an outlay, I 
vAftj safety be asserted that the system of collecting I 
BhHil what it has lately become tho fashion to cal^ 



•■ gathering grounds" should never be resorted to, 

an reiisonably be adopted. Ho"-ever, it Iws | 
balculated that if the situatioa of the proposed j 
rounds ofler steep declivities willi narrow gorges, it it 
rwble to obtain from it two-thirds of the («tiil tun-j 
f <aUhougii hitherto no instance can be cited where such ft 
Lablc results have been long obtained, for tho cificiency M 
Hdmius becomes lapidly deteriorated. 



Use of Springs. 

Where springs, fed by the infiltration of rain-watera fl 
an a largo area, occur in considerable iibundanoei i 
I requisite quality, Oiey may be considered to r 
B)03t desirable sources of supply in all highlj-ci 
JSistricts, because it is hardly possible to esdude ioi 
■ waters from flowing into superficial watercourses. Ths| 
cautious, before alluded to, as being necessary to a 
deposition of the matters iu solution which would o 
^^^ choke the pipes, must be taken. It is also importl 
^^||Aecertain n'lmt is called the yield of the springs under d 
^^Hrarying meteorological conditions of the locality. 
^^K^ any watercourse during two or three mouths are id 
^^■' little use in cases of this kind, because the springs I 
^H supplied by the rain-fall it follows that they must yi 
^f the variations of the weather. Unless observations, t 
extended over the whole cycle of the climate {in £li| 
of about seventeen years' duration), the indicationB I 
derived from gaugings over short periods are veij li 
mislead in calculations with respect either to the aven 
1*. The period of the year when g 
I are taken will also materially affect the corroctneas i 
observations, because not only does the rain-fall vun 
, but also the springs are observed to be affected ■ 
^ interval of from one to fire months, according to the 1| 
e strata. As the greatest quantity of rain falls i 




I CirtT. KHOIMEEBIKQ ■ 

br aulumnBl and the winter months, it appears that, fl 
b necessary to confine the observations within veij M 
periods, the most advisable course is to make them I 
■tbd months of September and October; for. generally I 
kg, the springs are at the lowest about that period I 
■ken, the indications are very likely to be fallacious, I 
Bess obaerrations be carried over the whole cycle, thg '■ 
Bay occasionally fall far short of that calculated upon. I 
■he second edition of the " Treatise upon Well'Boring I 
ibking " in this Series, the i^ucstions connected nith tlia I 

■ of Springs ore treated more in detail than can he ■ 
K the present occasion. It may, then, sufEce lo obserrs ■ 
MAt springs are generally divided into two classes, land- M 

■ and deep-seated springs, BCix>rding to the stnicturel 
Histrict from which they derive their supply. ■ 
■-springs arc those fed by the waters falling npoa M 
Iftiiueable materials lying upon a retentive substratam, M 
Hi. the former of tvhich they descend until the latter I 
B their downward progress. As such waters ara notV 
■if drostatic pressure, they cannot rise above the ground ; ■ 
I the contrary, they rush into any artificial depression ■ 
Kpholding substratum. The majority of common wellfil 
Kplied in this manner, and are to be met with inj 
B BTery position, The waters they yield are, however, I 
■o hecorae stagnant, deficient in aeration, and to tahe'J 
Bsoluble salts existing in the ground or in the masonijfl 
■heir sides, I 
■-springs are often met with in towns, as, for icstancs, 1 
■don. Manchester, Paris, Southampton, Ac; but fromi 
fcbaervations, it appeal's that, in all such cases, they are 1 
Bich exposed to take up the nitrates pi-oduced by the I 
■Uition of vegetable and animal matters in the ground, I 
■^ in taut, often parlicukrly unwholesome. I 
■seated springs are those deriving their supply fromv 
Kosed surface of a stratum situated at a high level, V 
■ssiag nnder an impermeable stratum, and lying umuB 
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another impevmeable bftsin-shaped cieposit. Tbe wats 
flucb conditions, follows tiie levela of [lie lowest poi 
the permeable stratum, according to precisely- th 
hj'drodynamical lairs it would obey if flowing upon ^hi 
Should on opening be uiade tbi'ougli the overlying 
menble stratum, the water will rise to a height coi 
with the hydros tat icttl presaure upon it, excepting il 
as it may he a&etted by the friction it meets witi 
traject. or by the eiisteuce of anj- natunU overilowi 
overfloiTs frequently are to be found at the poitita wl 
permeable etratum passes under the impermeable oi 
are to be aocountetl for by the fact, that, the low( 
bebg gorged with water, the fresh supplies, filtering 
from the more elevated distriots. forte their way oul 
edge of tiie haam. Or, again, the overflows may be el 
by the esistence of a fault, or dislocation, of the atrah 
interrupts the auhterranean flow of the water, bj b 
perhaps, an impermeable stratum in cootaot vrilh thli 
the one holding water. 

The chalh formatioa exhibits sot 
traljons of theae observations, and, 
off springs of estraordiuary beauty 
Arawell and Cliadiveli, in close proxunity to the oul 
the basement beds of the Loudon day, are found d 
bmted springs which gave rise to the New Riyer, il 
fortunately, almost entirely supplied by the Lea. 6 
St. Edmund's a very powerful spring, called the M( 
Pits, ia brought to the surface on the side of a trt 
valley, which appears to be attributable to it faul6 
Bouthainpton, the Otterbourne Spring rises at the ] 
junctbn of the outcrop of the basement beds of thei 
clay vrith the chalk. Near Weymouth, the springs of 
Poyntz and of Upway are thrown up at the point 
the great fault of that peninsula affects respecti^ 
k and the oulitic formations. In the districts wl 
1 series are found, the ell'ccts of the ft 
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hiore etronglj nmrked; and, in the portion of the Wes 
K of Yorkshire near and round Halifas, an immenao 
■c of springs are giveu off at the poinU where tho 

■ sUtttification of the beds is interfered with hy the 
Mf foults and upheavals, which have fissured and con- 
llhe whole surface of the country. 

Bi-Beated springs 6uch as these dre naturally mora 
Ht in their volume than land-springs, in precisely the 
Jjtroportion in which their supplying strata 
Bbl. It is, however, impossible to predicate what may 
■quantity to be obtained from them, unless by a careful 
Hittiotl of the area, of the exposed surface, and of the 
WttH of level of the latter, as well as those of the 
■^ water-line, and the other natural overflows of the 
m. Even these will not dispense with the necessity for 
Hs, but they may prevent the absurd outlay which has 
■fates been incurred in the endeavour to pump dry 

■ of this nature — a piece of folty actually perfofmed of 
Hon one of the most copious of those above cited. 
mtiAn Welh are, in' fact, nothing more than excavations 
WL Ibe overlying impermeable stratum supposed above 
Bt upon a permeable water-bearing stratum, underlaiu 
By an impermeable one. They form, as it 
ntleta for the waters contained in the lower parts of 
man, and the water-line in them will depend upon iha 
nlJcal pressure existing upon the same lower parts. 
B said before, will he inSueuned by the level of any 
B overflow which may exist around the edge of the 
■g stratum. The conditioua of success In an artesian 
Bbfind upon the perfection of the basin formed by the 
■Boriog stratum, so far as the mere retention of the water 
ftrned, and upon the level of the streams flowing frooi 
fcr-bearing stratum, so far as the height of the water- 
Butceraed. 

BlUMltity of water to he obtained from an artesian well 
Kerriore, be regulated hy the area of outtrop of th( 
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UtniLed ia proved hy nhat has occnrred at London, Th 
and Milan. There is ntso a cousiderstjon which on^ ■ 
borne in mind before commencing any work of this Idnd 
indeed, before it is attempted to appropriate any dee 
spring to the uses of a town population; and this e 
tion is, that the legislation upon the eubject of under; 
I watercourses is in utter confusion at the presen 
W Vdther in Eugland. nor in any other country, i 
P' fixed piiuciples regulating the decision of the law 
npon this subject ; and, in the only three ( 
submitted to our courts, it so happens that each one hi 
decided upon grounds reversing tlie principles of the A 
deciEioQ. Unfortunately, Inwyers are rarely geolog 
engineers ; nor do engineers, ^rlieu called upon to adn 
lawyers, appear to have shown much knowledge of g 
BO that the fortunate discoverer of a valuable supply of ll 
BB the law stands, may see it intercepted by a n 
has quietly observed the results of his experiment; 
may find his only remedy to lie in an action, whose f 
must, above all others, be expoaed to the "glorio 
taitily of the law." 

The various physical conditions necessaiy to i 
_ kUocess of artesian borings, also introduce great nnceHj 
I in their results. Thus the well of Crenelle yielded a a 
snpply at the depth of 1803 feet ; in the valley of tl 
several successful works have been executed, with an 
depth of 500 feet ; wJiilst one other, in the same djatd 
038 feet in depth, and a second, 4B<1 feet deep, 1 
I abandoned, after the usual retaining basin of the dIsbiJ 
B;%een traversed, on account of the absence of b 
l;Oalais, an artesian boring, 1150 feet deep, was made t 
K«esafully through the chalk and subcretaceous formation 
|[ithe carboniferous series. Al^ Chichester, at a depths 
11 the aurfaee, no water was ohiaiaed from tli» ^ 
md nt Sotithumpton tlio boring 
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ii 'leptli of 1317 feet from the surface, being Btill iii llio 

11 would tbas appear, after all, that the only infallibis 

'Kd for a 'water supply ia to be foond iii rivers, although 

iLqueationahly there are oft«n serious objections to theii 

hwa it almost always happens that they receive the drainage 

Mers from cultivated lands and inhabited districts; and the 

I ■. -spreading habit of making their beds serve as the out- 

trir sewage tends seriously to increase this evil. When 

i are resorted to, it becomes, therefore, uccessaiy to 

. the supply- conduits at points beyond the reach of such 

<"<?s of impurity, and, in almost all cases, lo form settling 

noirs tmd filter beds, so as to remove the extraneous 

'i.rs present in their waters. 

I must, however, always be understood, that, in cftsea 

I '■ any one course of proceeding has been recommended 

f'jreronce to another [as, in this instance, it is stated that 

!-^ offer the only infallible source), it is not intended to 

iiimeiid its adoption to the exclusion of all others. Tbore 

lie no rule in engineering, of this kind at least, from 

|j it may not be advisable occasionally to deviate; and 

■ emphatically in this profession, perhaps more thi 

nlher, that the economical adaptation of means to the 

[niiat ever decide ultimately the course to be adopted. 

. Iir' quantity to be distributed in a town is usually assumed 

■; about at the rate of 20 gallons per head per day, 

iiLited upon the ivbole population. This quantity would 

iilo »11 tliat is generally required for municipal and trade 

'•is.es, unless when the latter are of the character of cotton 

■L:ng. dyeing, or scouring cloths, &a. In London, the 

ly b rather beyond that quoted above; in Paris, 

iliove 90 gallons; but, where accurate observations 

made, it appears that really the average daily cousuntp- 

I'or eveiy human being is about 7 or 8 gallons, and 

lu summer they require from 38 to 30 per cent, more 

I ill winter. Municipal requirements vary, of course, 
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r According to ihe liabits of the counlrj, l>ut ther rarely emti 
I 10 per cent of tbe wta! conaumptiou ; and ordinary tnJ* 
I ^rpose«, together nitli the inevitable waate^ mahe ay tin 
I rema!Qitig quantitj' short of the 3H gallons per iDdii 
I per day iiauallj assumed to be required. 
I Tile parties considered to oome under the dB8i| 
i iBrge consumers, and as such giving rise to bn ex' 
I demand for water, are manufacturers, lann^rs, foll-1 
r bair- Washers, glue-makers, curriers, dyers, battersj 
F tfistillers, inns, bftth-houses, and steam-engines. 
biist, it will be necessary ta provide espedally for 
which, of courao, would place the rate of paymenl 
ft different fooling from that to be applied to the pi 
' general. 

I Mode of anceTtnining the Amount of any SoimtM 

The probable supply from any given source will btfl 
taiued by direct experiment in the case of Tvells, whanlf 
graphical conditions may be unknown ; or by a caloulai 
the areas and water-bearing capacity of the atnita I 
them, should these be ascertained. It is important, ho*« 
the former ease, to make the trials at the sea 
%hen the underground flow is at the lowest, and I 
:aggeration in the estimate iu the latter case, 
ihgs may be ganged either bj causing thefll 1 
into vessels of known capacity and observing 
ieijuired to fill these, or by causing them to flow t 
Jtipes of known diameters and observing the velociti| 
finally, by damming ihem up so as to destroy flnyl 
Telocity, and then allowing tliem to fail over S neitll 
indications thus obtained must be aSected, neveFthed^ 
what has been previously stated with respect to the d 
irregulai-ity in their volume, so far as the rain-fall, B 
structure of the beds from which they flow, a 
This subject, as well as that, connected with aecetl 
Ihe volume of rivers and watercourses, haa aire 
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■1 In the introduclor; chapter of Hydraulics. The 
i«r is also referred to the obaervatioiia upon the diSe- 
l aources of supply, for indications as to the means for 
BFlaining the qualities of the water ; it muj, hoivever, he 
ffell to ohserTe, that inquiries of this description inmlTe 
ntions of delicate chemical analysis, and that, therefore, 
ly should be always referred to the most eminent philo- 
ihical chemiata who can be found. 

Mode of Distrilmtion. 

fVlien the source of supply shall have been determined 

m, it becomes necessary to consider the system of distri- 

tion to he adopted. Formerly, in almost all English 

iaa, this yaa effected by irhat is called the intermittent 

[tecD, in which the water waa supplied from the mains 

ring a greater or less number of daj-s in the week, and 

iiBil in cisterns for domestic use in the intervals. This 

item, still prevails in Loudon and in many other towns. 

Into years, and principally by the influence and authority 

-V flltached to the name of its most zealous advocate, Mr. 

t.iey, beyond all dispute the ablest engineer practising 

■ ii^uliar branch of the profession connected with the 

! ution of water, a system known by the name of " the 

Lit, and high pressure," has been introduced. It con- 

L so arranging the supply, that not only the mains, but 

hL' house services, are always charged, day and uight, 

iia pressure is usually such aS to insure the delivery of 

. .it the highest level in a town, at which it can possibly 

.liired. 

iractedly considered, there can be no doubt but that, in . 
[(L'iut of view, the constant delivery must be the beat. 
..Tson who would take the trouble to look at, for it is 
I oessary to examine, the various receptacles (butts, 
uT cisterns) used to contain water, in the poorer 
ij[' towns especially, cannot fail to be disgusted with 
iii contagion lo which the water must be esposod. In 
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tbe houses of th« ricb, some precantioiis are ui 
nsUms from the soot and (ilth of onr Unm e 
place ihem beyond ibe iramediate effects of Uie variat 
teuperatare. But it is far otherwise with the 1 
many of the middle, and of nil the poorer classes; 
Ihem, the recipienta for the waters required for c 
tre almost always placed in positions where they a 
■to become corrupt, and to imbibe principles highly hj| 
to the hygienic condition of the unfortanate beingj 
demned to use them. 

In an economical point of view, tlie assertion of tl 
cates of the constant supply, that their systei 
seems also born out by facts, although Mr. Wickste 
formerly at least, to deny that it was cheaper. Et 
cost of the cisterns themselves must be saved; t 
draught upon the mains takes place during a greater f 
-of the day, and tho momentaiy consumption, 
3liust be less, the dimensions of the pipes may iy 
It may be questioned, however, whether eventually ti 
any economy on the ktter score ; because it i*ill be o 
to increase the strength of the pipes, and consequent^j 
oost, in order to obviate the efTecla of the hydraulic ji 
duced by opening and closing the several house-* 
From this cause, and from the necessity it euperiod 
placing the house-services upon a series of suhsidiar 
called riders, it is possible that the cost of the pipes i 
equal in both cases ; but the economy resulting from tl 
pression of the private cisterns would not the les 

Tho suppression of private cisterns, it is trae, 1 
necessary either to form rogulaliug reservoirs, or, if t 
ba pumped directly into the mains, to use machines i 
supply the maximum demand. Such a general i 
must, however, be far leas espensive than several s 
works of a similar character, even if of the same a 
opacity. It also appears that it is far more advanta 
itmct such rescri-oirs, than to establish machinoBl 




CIVIL ENQIKEEBING. 17 



nei- reciuired in the case of tlieii' omission, niiA to plnce 

' reservoirs at such heights as may maintain a constant 
■lire upon the pipes. 

■mil obsei-Tat ions made by Mr. Martin at Wolverhampton, 
I'ears that the most, copious consumption of water, in 
- •supplied by the coaatant system, takes place between 
ijiiurs of 8 and 12 in the diiy, and again between 3 and 
ilie afternoon; tha hours at which it attains its moiti- 
. limits are between 11 and ]3, and 3 and i. respectively, 
len 8 and 13 about one-fourth of the total supply ia 
i \- consumed, and between in the evening to 6 in tha 
iiig Dot more than one-fifth of the tetal supply is drawn 
Troni these indications it would appear tbat, theoreti- 
lL service reservoir able to contain a minimum quantity 

. .. .lit one-fourth of the total supply, would suffice to regu- 
t la such a manner, tbat the machines should be able to 
lain it by a, constant equable effort divided over the 
i.iry working hours. In adopting acme such arrange- 
another advantage would be obtained ; viz., that if the 
uii should increase, it would be possible to meet it, 

. iy by making the engines work longer. If, on the oon- 
, it be found or thought advisable to pump into the 
^ without the intervention of any regulating reser- 
hc engines must be calculated so as to supply at all 
^ ilie maximum draught upon the mains, which, accord- 
:.i the same authority, will be about one-twelfth of the 
qaantity between the hours of 11 oud 12, and of 3 and 
Jliey would he forced to work all night; and, at the same 
Kil cost, would not be capable of extension. 
:.' site to be chosen for the reser\'oirs nmst be, so far as 
iiiy of construction only is concerned, as near as possible 
I- source of supply, if the latter he situated at a low 
. or to the commencement of the diBtiibalion, if the 
■ - be led from a great distance. It is advisable, also, 
ivvr it can conveuiently be effected, tbat all such 
Ijo placed out of reach of the impurities of the 
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16 nuoiM^rrs or 

mMpbera of all lar^ rentrea of pt^wlatuiD : aiid tliii itirj [ 
ba prateeted frotn (iiot and voet. >a nell as great e 
temp«nture. Tbese condiileratious ere oftea of so g< 
porUnoe, that thej maj caose it to lie prefenble to lod 
the engine-power, Bod eoottnict tlie reeerroir at aI 
level, even U thej do not lead to the abandoumeitt | 
Uttet ollogether. 

In Addition to tlie r^maiks already made, with res|l 
the coDBtnictioii of reaertoirs, !□ this and the [ 
ohapters, it is necessary to slate, tliat wheuever b 
are to b<^ executed for a town supply, they must be fen 
euch materials as are not likely to afl'ect the quatittw^ 
waters they are Intended to receive. In all casei 
description, to a certain extent the traters must be « 
and they are then likely to alisorb aay soluble salts ci 
either in the earth or in. the masonry of the itu 
appenrsi therefore, to be very doubtful whether v 
tended for town distribution ehould be stared in t 
which are puddle-liuod or pitched with calcareous stone 
iSloviB sandstones, hard-bui'nt bncks. or the atgillo-ca 
stone8< bedded, where necessary, in powerfully hydra " 
or in cements, or iron, protected from the immsd 
mioal action of the water, are unquestionably the taDBtS 
able materials to be used in formiug the faces immcd 
(ioutHct with the water. The positions of the inlet ttaii 
pipes should be arrnnged iu such a manner as to i 
CttnHtttUt floiv through the body of water b 
Mid precautious should be taken lo keep back any iBi; 
which might be introduced, by either forming depo^tinf 
under the inletrpipes, or by placing gratings or filla 
tile heads of the outlets. 

The other accessories to reservoirs intended to hold] 
ivn distribution are simply — 1. the valve-pil, plac 
fltnall distance from the outlet through nhich both t 
I ftre made to pass if possible: it is formed for the [ 
id cxftiuiniug the respective valves by ■ 
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ir-l( ibe water is admitted to or esctuded from tliB reser- 
.ir the pipes, as the cose maj be ; % the overflow-pipe, 
■.I'eir, or otlief provision for regulating the height of the 

3. the scouring or cleansiug-pits, with a discharge-pipe 
1 1 at such a point as to allow the whole of the water to 
i.iivn off if requisite; and, 4, meaos of access to the 
!!i of the reservoir. It is desirable, aud practically it is 

■ t. always so arranged, that the outlet pipe be so placed, that 

in depth of nater should always be retained excepting 
ilie cleansing pipe ii opened The object proposed by 
jnjoment is to allon a iiore effectual deposition of 
liauieal impuritiea of the water 

u the source of supply finally chosen is at it lower 

rliati the points from which the distnbutiou is to he 

1 of than the highest point to which the water is to be 

I J It leLomes necessary to employ some mechaiucal 

to mise it for all town purposes the thoiee of the 

lar agent is limited either to steam or water power 

i ig tj the circumstances of the tonn undei considera 

iiid in loth cases the motive poner must le applied to 

because they ftlone of the various descriptions of 

pdute machinerv lan lorce the watei to the height and 

tance it is generally required to overcome 

Iftitly It muBt be preferalle to adopt « iter power 

rr It exists to a suIRclent extent bedause it costs 

■ beyond the first outlay fot tlie machinery and the 

n repairs whilst steam power on the other hand 

1 a coiiataut outlay for coalb and also a much more 

oils and e'>.pensi\e attendanoe But it rarely happens 

th a power is to he met nith in the immediate neigh 

d of large towns and in the majority of caaes it is 

that the streams giving the motive pofver are eo e^ 

: to interruptions in their flow, from ice, floods, or * 

ilils, tliat they are seldom used in cases of this desorip- 

][i which regularity of action is a matter of such aerious i 

■ i.iuce. The determiiiiog motives in the selection must, J 




fifm, OS frm bbj rl^HgrFi n their directMm, iriu 
iMnEoatal or veftickl £reetian. Tbese lost-noiDedcU 
■cinnhed power vill be disonaed heremfier ; bat the di 
atmj he, genenDj qieakiDg, covered, by aUorriiig for 
dead lift of 1 2 feet per mile of the Mndacdng pipes bd 
cn^oe and the reservoir, onlesa anr verf extraordjni 
ctl bends exisL For insUnce, let it be supposed I 
galloDR |>er minate are required to be raised 
height of )'^0 ffet above the lowest clacks of the ] 
the water-line in the pump-wcU, anil to be disoha 
dlHlance of Ui miUa. Then, as a gallon weighs 
^ilpoifi, in round numbers the calculation would 
JO.O'IO x(llin + 8(JJ= 1.600,000. moment of roaista 
lit a liorio-iiowor nominiilly is con&idered to ha 
811,000 lbs. nuBL>d I foot hi|jh per mimUe, theoret 
power ahmild bo I,5(l0,(l00^83.oao = 45'4e-hor 
Hut A itonni-enKiiie rarely works up fo the nomtn 
mill R wfttci'-wheol falls nhorl. even to a greater c 
llml. ill ca»M wlioiti tlia former is lo be used, it 
iiereHary to ttfffet tlio tb«ireiic*l result by the ( 
ml wticro ilio latter, by the coeffioient 0'76 
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xt description of water-wheel, and in tho best work- 
inditiou. It would be necessary, tlieu, to provido a 
-engine of about 53'5-horse power, aud a wator-wheel 
mt OO'T-horse power, to perform the duty above sup- 

e towuB of Philadelphia and Richmond, in the United 
s, and of Toulonse, in France, are supplied by water- 
la. all undershot. Of these, the wheels at the Fair- 
it Water-works, Philadelphia, are the most remarkable. 
M»uwt of ihe volume of water they are designed to lift. 

is not less than about 10.000,000 gallons per day, with 
wl-lift of 03 feet, through cast-iron pipes 16 iucheB dJa- 
r. The engine house is built for eight wheels and 
ps; the former being IB feet diameter, 15 feet on tho 

and with a fall of li feet, on the average, and malting 
Eon revolutions per minute. At Eichmond there were 
Tieels 18 feet diameter, 10 feet on the fnce, ivitli a 10 feot 
working two pumps, and raising 800,0(10 gallons per dny 

reserroire situated at a height of IBU feet above the 
waier. At Toulouse, the wheels are I'l feet 6 inches dia- 
■1-. & feet on the face, «ith a fall of about 7 feet 6 inches ; 

are two in number, and raise about 8tl8,000 gallons per 

to a height of 07 feet above the water in the well. 

he description of water-ivheel to be employed must, of 

se, depend upon the conditions of the flow of water in 

fiTer; it may be underahot, overshot, or breast, according 

le height of the fall, or the volume flowing through the 

as. Of tho undershot wheels, those constructed upon 

celet's system, with curved floats, and working in a close 

' iiric channel, ore the most economical, and yield the 

( effective power. With a fall of 5 feet, or under, 

i.iiluce B djrnamicid action equul to OTi of the theo- 

jjower employed ; vfith greater falls, this coefficient 

.., to 0-6U; whilst undershot- wheels, with straight 

n.reljr produee a dynamical eflbrt equal to the latter, 

ihev nro expoaed lo the serious inconvenience of bei"" 
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B sfaocU be of sofiieient rtftciv. 
tBam ike wVer la muIs during at leasl three dsn. Ti 
llwee k MSrt be led opoa the filter, Titbotii velodij^ or i >. 
nut, aUo to act opoa tlie mUemla of which this nuj U 
Tbe filiefs thenaelvM dmjt he either chend 
■1 ; ibak u to wj, th^ IDA; either alter tbe %M 
gf tlae wUer, or the; ntj merely act b;; removing imja 
in KBpen^on. To effect the former b necessoiily v 
and diffictUt operation, and. indeed, &o tnucli so, that & 
birlj be considered uoattaioable with the irhole H 
required for a town Siupplj. And if the water he im: 
taken from a good mechanical filler, with as great ram 
this can Tield it. tbe qualitr will, iu almost every case, ■ 
tiot Old; the public demand, but also the real i 
the case. 

Of the various descriptions of mechontjcal filtera % 
the moat imjiortant are those formeil opou the p 
adopted at Nottingbam and Toitlouse: upon the { 
adopted by Mr. Tbom at Paisley ; upon those of the fl 
Water-works; or fiually, by the application of filte 
, either natural or artificial. 

The Nottiugbam and ToubuBe filters consist of a H 

' tunnels, formed in tbe sand of the beds of the n 

■a from which the supply is taken. Wherever t1 

rials of llie bed nre of a nature to allow tl 

adopted, it appears to bti tbe most economical ; but it d 

to tbe serious objection, that if the tunnels beeome I 

in any way, their repairs are very difficult ; ani, S 

efUciency of any filter depends upon tlie heiid of » 

' it, this class must evidently yield the least in the ^ 

I mouths, wheu the deuand, ou the contrary, ia tbe | 

I It vary frequently happens, also, that the eotistniet 

f tunnols gives vout to springs of verj- different qm 

•6 dcrivfd from the rivers ; and it must always lie nl 

[ that the geological couditious which render tbe C 

of such filtering tunnels possible do not occur ii 
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t, as a general rule, the Leds of riveri, iu large valleys 

e formed of a partially impermeable silt, or clay. 

The Paisley filters nre stated to be cliemical as well as 

icbaiiical in tlieir action. Tfaey aie formed by excavating 

^louml to a depth of from to 8 feet, and surrounding 

:viih impermeable retaining walls and bottom. The 

\= divided into drjina ijy means of fire-bricks placed on 

ge, and covered with flat tiles, perforated with numewus 

nil holes, and supporting six distinct layers of gravel, 

^'easing in fineness as they rise, which again are covered 

ih jeiy clean, sharp, fine sand, S feet thick, of which the 

ger 6 inches aro mixed with animal charcoal. Theoreti- 

ly, this would be the most perfect system of filtration ; but 

'= to be feared that the cost would be very great in the 

liv of cases, 

. (.Iholsea filters consist chiefly of four beds of carefully 
1 gravel of variable thicknesses, but with an aggregate 
i.if feet, and increasing in fineness as they ascend, 
;i]*o eventually covered with a thickness of 3 feet of fine 
I sand. The objection to ibis system of filtration, 
also applies to both those already described, is that they 
I a large area, and therefore give rise to expensive 
kirks ; especially as the depths to which they must bo 
1 iu order to obtain a head of water above, and the 
.-. and pure water well below tbe filtering materials, 
1 1.? considerable. 

I - on account of the area and depth necessary for the 
iescriptions of filtei-s, that the use of slabs becomes 
ullythe most economical, inasmuch as they dispense 
.ii.3 necessity for so gi-eat a thickness of the filtering 
:-.i, The artificial filtering slabs made by Kanaome 
I.I. possess an advantage also in this, that the degree of 
,' may be regulated at will, and therefore the area may 
uljited precisely according to the degree of purification 
..... il. Again, in this instance, as in so many olhera, the 

— PAJIT II. C 
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fnatse to lie adopted roust depend upon local toimiu. 
mdons of economy or expediency. 

lu Addition lo what lius been already s^d upon the suli'ir' i | 

J tLe flow of ivater in pipes, it is important to ubsen-e tlul ' 

B to which it is exposed in practit^e ere <.! t 

I fourfold uliaracter; depending upon — 1. the friction ou lii 

I Bidea of the pipes ; 2, tlie retardation caused by the liejul 

8, tiat arising from the changes of direction from the mnni. 

to the Euhmains or branches; and 4, the gurgitation wiv' 

occurs at every janctiun. 

The friction on the sides of the pipes depends upoa^ 
diameters and lengtba, and the head upon the respectirtr 
fices : and, practically, thia again is modified hy a « 
varying with the velocity of the water. Taking it ii 
count, the quantity flowing through a pipe of uniibrm q 
tef, receiving its water from a reservuir at a high lera 
discharging it constantly into another reservoir at a] 
point, without any change of direction in the pipes, t 

Bsacertained hy the formula Q = c /^/ ^ 

I. which Q = the quantity ; f = the difference of level b 
I Ihe extreme orifices ; ?. = the length of the pipe ; U = tl 
f Vt the upper, and H'= the head at the lower, orificea fl 
llively ; D = the diameter ; and c = a coefficient to be d 
Bfrom the following table : — 
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I8'83 I9'E0 IB-Bi 20-o; 



Land for any length beyond c = ai'043. 

This formula, however, requires that the velocity shoull 
■ previously known; should this not be the case, it nwv 
W ascertained as follows :^Call the sine of the inolinaiKi 

I and make K ;= , in which ihe notation previ'i 
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■ 1 ■ 111 will te followed ; then we alwulil have, nccording to i 
:■ I'lony's formula, aa given by Playfair, — 



V 



1541131 +A/'023751 + ga806'6 
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pi'Mtice, however, the conditions to be dealt with are 
I simjile as those above supposed, and it becomes neces- 
;ii adopt other methods of calculating the resistance, 
■ may be explained as follows, nearly in the words of 

:.liiussoii. When water flows from a pipe, the vertical 
lI. of the surface of the fluid in the reservoir above the 

i.irging oriGce is called the head, and is represented by 

' these observations. The velocity due to this head ia, 
\or, diminished by the friction upon the sides of the 
. so lliat the jiortion of ibe head acting upon the dia- 
■iiig oriSce can only be represented by the height able 

■ iJuce the velocity of the discharge. If this velocity be 



i'L' the portion of the bead destroyed in creating tt, and i 
j'nrtion, expressed in numbers, is known as the " loss of I 

ibis loss of head is caused by the action of the sides of 
jupes, it will be proportional to their length and their 
'iir. In proportion, however, as the section increases, 

iisistanco from friction on the sides will diminish, because 
1 1 be distributed over a greater number of molecules, and 
ijaently will affect each one as well as the whole moss 
Liialler extent; it will be, in fact, in the inverse ratio of ' 
I [mansion of the section. The retardation will then be 
iilional to the square of the velocity with an addition ot i 
I lion of the simple velocity itself. It is to be 

, in the course of these observations, the p 

■;= supposed to be full; for if they were not, the flow 

■ water would be regulated simply by the laws affect- 

It ill its course through open conduits. 

c -i 



\ Calling the lengUi of lite pip* L; S. tbe aectiin: 
ceoiour; 



. thee 



I, two canstaot o 
the rosUtsnce will l«, a — — (r* + i t^ ttnd wf A 



ay 



^^: (^ +bty It is then i»lf I 

suy to ascert^ii the Tolnes of tli« ooeffioents u & in 
appljr the formula to ordinarj purposes. Almost eveij I 
vho has %vritleu upou this subject has &ltnhated to 
ferent Talues, so that great uncerlaiuly still is att«:heJ 
correct solution of the prolilem. But it appears 
fonnula and values given iu Weisbach's " Mechanics'" 
ciently accurate iu practice, and they Ijave therefore 

■Adopted iu preparing the Table No. 3. Weishach 
Ipss of head h^, and confining his attention simpljr 
kngtli and diameter of the pipe, he makes 
I A. = (001482+^^^^)1..^ feet. 



a? 



't is true that Messrs. ProYJa ajid Peacock's eiperii 
inquirieH appear to indicate an imporlaot error even ii 
estimate of the values of ilie respective coefficients ; 
the resulta ohlnined from their application are admitted] 
always iu excess, it nould certainly be advisable to a 
to them iu designing any works for the distribution of i 
through pipes ; because any imperfection J 
laying, or (i suddenly increased demand, might rendernec 
the supposed esaggeratioa of diameter they would lead t« 
The table indiwites the quantities discharged througb p: 
of the dimensions given, and the loss of head occasioned 'ii 
its flow at the respective velocities in the mai^n ; or, in olli 
words, it shows the additioual head required to maiutain W 
supposed initial velocity calculated upon a foot lineal of i' 
pipe. The discbarge is caleulaled by the fonnula aln.Mi 
quoted, Q = S V ; and the initial velocity at thecommenceiiii: 
of the pipe can :it any time be ascertained by H 
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2 3 11 ; iu wbicli g = tbo acceleralTiig foi-ce of grnvitj 
, aad H = Ihe head over ibe point of dischai^ 
^e reservoir into the pipe, leaviug out of account 
lljoii of the fluid vein, wliich may ftt all times bo c( 
r by mnkiDg the moulb of tbe pipe accord with 
a of conical ajutage. 

ictioii, and consequent loss of bead, is constdernbl^ 
[ by the existence of any changes in the direction at- 
,, whether horizontally or vertically ; and it is fonnft 
a CfirCaia delinitfi proportion dependent upon tbe ratio 
Iridtli of (he tube to the radius of curvature of its i 
I that the loss may be represented by tbe 



, 1 



I 0'0030 - 
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= the radius of the curvature, and a =; the dev< 
t of [be arc. Accordmg to him it would appear that 
(pportional to tbo square of tha mean velocity, and to 
'iglh of the arc; it is o function of the radius, and 
ident of tbe diameter of the pipes; and that ft, da- 
n proportion as r increases. 

1 to make r of the following dimensions when side 
Btoneli off from a Icadi 



i upirardi. 



) to be observed that iu vortical bends the rate of 
tU also affected by the collection of air at tbe an 
Rllie loss of any portion of tbo dynamical eflbrt of the 
Innired to overcome tbe resistance of the column 
l&be lifted on die lower side of the bend. The for; 

i obviated by placing air vessels nt the top of 
flinab; tbe latter, by accelerating the rate of fioW' 
riving at the bend. It is important, hovfever, thai, 
I where jiipes arc laid with deviations from iho 



etnigbt liae. tho; bo Itopt constantly full, so as l4 
ns mnulk as possible any acciimulattous ofai 

The pipes from the pumping ataijous to the dial 
resorvoir (and, genemlty, all pipes required (or a U 
bution) should be laid nbout 4 feet below the SB 
carefully covered with enrlh and ssu J, or some iWltM 
materiala. The object of this precaution is, to pro* 
against the effects of frost, to maintain an equal U 
in the waters, and to place them beyond reach of ii\ 
sliock or jar by passing weights. In aonie porUa 
distance between the two stations it may alsc 
insert double lines of pipes, and to make o» 
tiona between the two, in order that, in ca 
either of them, the flow may be maintained tk 

These remarks have necessarily been confined ti 
sideration of the cases in which water is raised fro 
level and pumped through pipes. If the source, 
be situated at b. distance, and at a Iiighor level than 
mencement of the distribution, the course to be ado 
necessarily be modified. In such cases, i 
obstacles are to be met with, it is preferahle that 
be led in a conduit rather tlmn in a pipe ; 
friction in the Intter is much greater, and the bei; 
point of arrival diminished in proportion. Such 
should be covered in all situations where the q 
water is likely to be aff'ected. as in the ueighbourhoo 
towns, or during their passage through forests and a 
or, again, in warm climates, where the temperaturs 
acts ityuriously upon the quality, hut also gives i 
evaporation of a very serious character. But if th( 
be so covered, there must still he adopted precautia 
suriug a perfect ventilation and occasional renew 
air; and in the Roman aqueducts, wells also v 
occasional intervals, to allow of the deposition of an 
i» suspcusion. 
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Lnt&ge of great importance attached to the use of 
either than of pipes, for tho cooveyaneo of spriog 
e in this, that any of the earthy salts in solution 
likely to deposit in the course of lime, are 
lly to' produce injurious effects iu open culverts as 
I close pipes. The separation takes place, in air. 
«r period of the flow; and it must evidently be 
to cleanse or repair such conduits than it can be to 
10 same operation upon pipes buried in the ground. 
Br hand, it must be admitted that the construction of 
iduit is always a more eipeusire operation than the 
it of pipes would be to ensure the dischai^e of the 
n© of water; so that, eventoally, considerations 
f may outweigh those derived from the theoretical 
ges above cited. As an illustration of the extent to 
Iks deposition of the earthy salts may interfere with 

Pict the effective area 
rcourse, the accom- 
Qtch of the transverse | 
the conduit upon t 
led aqueduct of the Font 
d is added. The portion 
of a darker colour, round 
represents the 
wJeareoQS matter whioli 
lly accumulated bypre- 
Dm the waters, although 
1 had previously been 
sure their purity, 

|t serious difficulties which are likely to he encoun- 
a construction of conduits, are those arising from 
isoe of hois or deep valleys in the line they ought - 
The former, if of considerable elevation, will re- 
i traversed lu tunnel ; tho latter may be passed 
gneducts, or by syphons descending from a reser- 
[ Bide, and i-emounting to a second at a lower level, 




^Bt UDDIUSIITS OF ^^^1 

Rn Hie oilier; the condnit reoocamences rrom the secoq^H 

servoir. ^^M 

Aiuongfit the ralics of the Roman empire which hai^^^l 
Tived to our limes may be found maaj ver; remarkable ill^^H 
lions of hoth these manners of canjing across vedleys ^S^H 
plies of M-nter intended for municipal distribulioti. As >^^| 
Datarallj' Lave been expected, however, in the defectiv8^^| 
of the melallurgic arts amongst the ancients, the diffict^^| 
attached to the execulion of large syphons led tlie Rl^H 
eugineers to prefer the system of bridge aqueduote. 3|^H 
of these are of such colossal dimensions, and such ^dJ^H 
beauty, that it ivould he an injustice to mention themd^H 
diarilj. The reader ia therefore referred to the list of aii^^| 
—contained in tlie Appendix, should be desire to obtain fo^^H 
Rformation upon this very interesting branch of the l^^^f 
mglneering. In modem times, the most remarkable i^^H 
ibia descriptiou arc connected with the aqueducts fl^| 
ructed to convey to New York the Crolon wntera, iH 
lose eseculed for the supply of the town of MftrBeillarB 
bpon Ihe former, in addition to a bridge aqueduct 1377 j fwl | 
D length, with a maximum height of 150 feet above the fuiin 
lations, there is a syphon aqueduct, with a depression of H'^ 
in the deepest part, consisting actually of two cast-in'H 
pipes S feet in diameter, with a provision for eveiitUNlli 
placing two others of the snme dimension. In the course! ■! 
the latter, or the Marseilles Aqueduct, the total length ui i 
I which is 99 miles, not less than li-^u miles are ii 
Eaad the valley of Eoqucfovour is traversed by a bridge j 
It long, with a maximum height of 383 feet. 
The Turkish engiaeera introduced a system of into 
^phons, if such an expression mny be used, for the p 
'a crossing long deep valleys, vrith the double ohject of ad 
llie outlay uecesBnry for the construction of masonry b " 
iiud of diminishing the chances of rupture in the earth 
pipes of which the ayphona were formed. The name forf 
system is ■' soutemzici ; " and it consists of earthen pipes ffl 
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ily from an upper reservoir, descending a hill 
njiig slong a valley, and tiien monntiiig perpendicu- 
a second reservoir supported upon piera in masonry, 
ler lower level. From the second reservoir similar 



i couducled down tlie opposite side of the pier along 

£ and succeBsively into a third or a fourth reservoir at 

^decreasing elevations, and so ou to the other side ot 

Evidently this was a very rude laetJiod of meet- 

jnediate difficulties of the case, and the loss of head 

i bends must have been considei-able ; but 

considerable ingenuity in the idea, and perhaps it 

Et better aciinuintance with the laws of hydraulics 

) accustomed to attribute to the nation amongst 

I Bystem arose. 

iBensions and form to be given to the tunnels must 
* he regulated, so far as the minimum is concenied, 
(toaiderntion that the workmen must he able to use 
s, and to push to the extraction pits the mate- 
l during their operations. The nature of the 
dwill also BfTectthe sectional 
8 excavation; for if it bo of a 
tender lining indispensable upon i 
|Dd top, as well as for the water | 
ilBelf, the dimensions eridently J 
uicreased. A miner can w 
Sble efficiency in a heading 
1 the margin ; 
considered as the minimiin: 
ecause the constrained position. 

! prevents their employing the whole of &ea^ 
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the conduit from wliicli all tlie cq^db for the Bupply ej 
draw the water is made of the dimensions tudin 
fig. No. 1 above. But it is also to be observed that d 
duit, called the " Aqueduc de Oeinture," ia about 1 J 
iu length, aiid has only a fall of 1 inches tbrougH 
that the flow of the water only lakes place in conseqa 
tJie difference of level caused by the wiibdmwal of t' 
through the yarious pipes branching from it. The « 
therefore much larger tlian it would be otherwise 
the deeire to malie it sufficient for the passoge of a boat] 
by a man upon the species of tovying path, may hav J 
. -aome exaggeration of its dimensions. Fig. No. 2 i 
the section of the branch '-AqueducSt. Laurent "joij 

Aqueduc de Ceiuture," aud supplying one of the q 
Paris. 

Whatever be the dimension given to the tunDcili d 
jEGOune of an aqueduct, dii'ectly it leaves the g 



; cniitinued, e.s it were, in the open air, precautions must be 

kken to ensure the unifonnity of the lempernture. Tha^ 

ractjce of ihe ancient Romans, which was also Ibllosved in 

he erectioQ of the Croton Aqueduct of New York, was to keepj 

he top of llie aqueduct, 'whenever possible, at a distance Op 

I feet from the ground ; aud whenever it was necessary t<v 

arry it above that level, tfl cover the masonry with earthJ 

S feet 6 inches deep. It may, perhaps, Le as well here to obJ 

Btfve that, in spite of ihe criliciams of some late writer, thoLJ 

Croton Aqueduct is a very admirably executed work, and wellS 

v ..lUiy of study, if not always of itaitfltion. i 

I'lie formula which expresses the conditions of the flow oM 

I r.'t' in n pipe passing from one reservoir to anotlier, ceased 

'>•? applicable when there is a series of side hranches, or ofl 

' mains, deriving their supply from it. During the coui'ad 

1 he distribution, a difterence in tlie volume must neces-J 

ily arise from the fact that a portion of the water will b« 

I ivn off by these eub-mains ; and in the latter portions tit 

' ii cooi'se the supply mains must he diminished in dimeiw 

ri. But it may sometinies occur that the cost of new 

ilels for the smaller pipes may render it more economical 

: rolahi the original dimension; this question of detail will 

1 refore require to enter into the comparative estimates la 

■' various modes of effecting the supply. It is, howeveis 

■ ii^asary, before deciding the dimension of any main pipe, td 

111? into account the probahiUty of an eventual increase in 

. demand upon it, 1 

.Mr. Hawksley states that the method he adopts to ascertaia 

■ diameter to be given to the pipes upon the constant ajstauJ 

Li.i divide the length of the main in a street into portions gl 

I " I yards each, aud assign to every such portion the quantiM 

i.Guld he likely to require, supposing it to he discharged ia 

: I f honre. He allows a loss of head of 4 feet for every 20d 



juids, and adopts the foimula 
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u which 7 = the numter of gallons. 
I = the length of the msiii, i 
h = the head, in foet, 
d ^ the Jiaaieter, in inches. 
'he dmrae recommended hj Claudel, i 
rUs^o de ringenieur," is perhaps more accurate, ullhani 
more Ifldious ; it muy be described us follows, nearly in i 

Let it be proposed to supply a district by means of a pi| 

' of uniform diameter throughout its length, and discharging 1 1 

I water by meana of pipes constantly flowing. Then the di 

I meter of the pipe should be sufiicient to ensure tho deli«ei 

of the water from each opening fit a shglit distance al>ove tli 

point of discharge itself This diameter is assumed ; and lli 



l^JL 



i 



I .loss of head for the distance between X and n ii 

Pfrom the table ; and, the loss being deducted from t] 

he«d, will give ihat ncting effectively at e, which n 

ficient to ensure the delivery of the water at the orific^ 

the branch from ii. The loss of liead between s and % 

\ eertaiiied in a similar manner, it being observed I 

quantity discharged by (he main will be diminished by the 
I quantity withdrawn at e. Aa before, the head thus e.dsfing 
at c must be sufficient to ensure the delivery of the ".' 
required to snpply the orilices placed upon that branch, I 
eoeding in this manner with the remaining branches, il - 
be seen whether the head existing at the lost will be suHlcieni 
I for its supply. If not, it will he necessary to liy a JnrgM 
\ diameter; if it bo too great, a smaller diameter must ]j# 



-U- 



r "be required to detemine Ae 

!ig ^ater from both ends, sd 

. onfices requiring definita ynlit 

happen that s>3me of tbo oriSoes i 

. ; some entirely from b : nbtlst GotBc as D, fat xaUama^ 
envc tlieir soppljpoitiaJlTEnigiiMe, n {n»t tlw<Mber; 
Djaj be, from both. 

t- 

wBSk, that if s be supplied from botb, the head at d and 
conseqtient entrj' from both sides >^liODld be equal- It is 
lesaary to proceed as in the last case, in order to asMrtain 
it this ia llie case, and to assign some iliaracter to both a 
1 ti, and after deducting the losses of head occasloued \tj 
i several branches, b c e f, the remaining effective heads 
ion the respective portious of the main at s will be deter- 

iL Should they uot he equal, one, or both, must be 

i.'il B3 the results obtained may indicate. 

iiijuld the supply main derive its waters from two pipes 
iKise delivery is known, and should it be desired to deter- 




,er of the pipe a d, so as to ensure a particular 
itribution upon its length, the course to be followed would 
tis, follows. A certain diameter is assigned to a b, and as 
ilischarge is known, and the difference of level between A 
I \: is also supposed to be known, the elFective head requi- 
; ', ensure tlie fuMlmeut of the required conditions ia easily 
. iiained. If.tlien.thediamgtersof AandBbealsosupposed. 
ihe volume to be supplied by thorn is known, it is easy to 
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J«Blculftte thp loss of head upon each of them, which, beinL- : 
" jcted from tlie initial heads at c and d, will give thi i 
itfectunl head remaining at a. This head Ehould be i 
same for both pipsa, and equal to that required to eecure Ut 
kjelirety already supposed to take place between a and Dj| 
■if the respective diameters ehould not be such as b 
Jiese conditions, they must be modified. 

When the distribntiou takes place by means of a c< 
diffevenl diameters, it will be found that the system ir 
in the firat illustration will satisfy the required cond 
f because the diameters of the pipes are constant b 
I auccessive openings, and the rate of delivery is also U 
I'lbotween them. It is necessary, however, in calCM" 
loss of head, to allow for the difference in the diametfl) 
pipes. 

In carrying out the working details of any town distri 
J of water, there are numerous precnudons to bo taken ta | 
■ that the pipes should be protected from the jar cf a 
I, Bndfrom the contamination of gas pipes*. Aminimui^ 
I of 4 feet from the surface will suffice for the former; 
I order to guard against the latter, it is customary to pU 
r water pipes at a lower level than those conveying tl 
tCare is also required to be taken to avoid what a 

i> ninolly considered that the tamp^ntiire of the wnler is nttectrd tf 
r the depth at which the pipta may be laid from chu auiface, o 

ing to a greatei nr leia extent nmaved &om BtrnoipliBrie in 
But from Iha eiperiments miida by M. airerd (see " Momoire n ' 
ita Conduiies d'Eau dam In Tills de Pntia, ISSl"), it nppenn tbH 
ever Ifinpeniture the water ma; entei a pipe, if it So^ 
learg it at precliely the aatne temperature. Tlie experimantl D 
carBfiilly made, bat the; require confinnatian. 

The ■ame authority states, that tlio dilatation of ciut-ii 
0-0000D30D223 of ft foot for every degree Fahienheit, if free ij 
open nir; when the pipes were filled with water, and buried it) 
the dilatation waa cansidrrnbly rednced. The pipe itaolf uUau 
ralure which was n function of the differimce of temperature 1 
■urrousdlDg media, nnd n'aa Dettrer to that of the denKi mediunii 
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i 1 ■' dead eodH," or portions of ihe mains in wliich there I 
1 3 no current, and in which necessarily tlie water must I 
■iiii? stagnaut. It is neccBsary, also, to malie every sub- I 
II, and, if possible, every houae-service, independent of the I 
. r portions of llie diatrilration, bo that iu case repairs are 1 
iMirnd of ft nature to render it necessary to shut off tlie I 
ill-, the privation may affect as few houses as poeaiUe. I 
-ii^es, or, as they are Bomelimes called, "hydrants,'" a« 
id close to the era b ranch m en ts npon the mains ; and it it 

■ isable to place a small stop-cock at the junctions of tbel 

lire-plugs are placed in London at distances varying i 
Jislricts of each separate company, but it appears that,.! 
■ II the average, there is a fire-pUig to every tea houses. J 
Lifge towns, also, it is adviaabie to place stand pipes a 
I winces of about 500 yards, for the supply of water-carti 
lis branch of the public service is found to require a supplyfl 
ilujut I5 pint per yard superficial for every time it . 
mod ; and in our climata it appeal's that it is required fon 
.1 days iu the year, and in summer it will frequently b 

■ cs^sary to ivater the roads twice a day. 



CHAPTEK VI. 

MAKINE EKQrNEERlNS. 

bbeaomena which modify the action of large bodies e 

[upon wodia erected in them, or upon bodies floatiutt] 

^^16111, and which it is therefore necessary to tako intaj 

t where these are considered, may be grouped uudet 

indpal heads of the viuds, waves, tides, and curreutsj 

fctioti and reaction of headlands, the effects of the o 

r particular sea-shore, the quantity of alluvial n 

Bt down by any rivers, the volume of tLe latter, and b 

i unmber of other modifying causes, also require attea-J 

f Within the limits of this treatise it will be ii 

r into iheir e;:camination in sufficient detail; but who]; 





ever it i^ possible to treat llicm incirlentally, it ha 
inlo llie plan of Hie work to sketch at least their gem 
!ngs upon the praolicul operaLions of the engineer. 

The Winds. 
Aa is universally kuonn, the wind blows over t 
ill every possihlo direction, with every imnginabli 
of intensity and duration, in the temperitt« zoi 
uuder the tropics it rnrios at definite intervals of 
noil as prevails in constant directions. In all a 
however, notn-ithslandiug the apparent irregularttji 
are prevailing winds easily to he ascertnined ; aud, g 
speaking, those winds produce the most frequent tern 
the localities where they hlow. 

The velocity and strength of the wind vaiy within 
wide range, and it is usually considered that they 
represented aa in the following table, supposing' tt 
iroduoed to increase as the square of the velocity. 




■«an.E Df wind. 


pJ'ISL 


4 


Light bttvze, hnrdly peicertible . 

Q«ntl<!brM«! 

Light wind 

Kathor Jtrong wind, bejt for rniling 

Strong wind 

Very alrong wind 

Tcmpwl, ot Jtorm 

GrmlElorm 

Hurritime 

Humnine able to teui' up Irert, i.c. 


ft. in. 
1 8 
3 i 
6 8 
18 
33 
66 
70 
90 
118 
ISO 


^S^l 




?he effort being supposed to be exercised in the ^^^| 
f,the wind, and upon a surface, normal to it, of oj^H 

It has been also remarked, that in level countnes i^^ 
Iowa downwards, forming nn angle of about 18° Sff ^^H 
me of the horizon. ^H 

tArind, by its action npoa llie BW5CTtic\B.\ Usees of^f 
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f vrater, can accelerate or retard thoir movement, ac- 

; as its direction coincides or not with that in which 

66 liijers may be flowing; aiid it will develop upon thorn, 

ilao upon atill waters, a series of elevations or depressions. 

1 variations of level are citlled u-ntcs; and they are the 

r in proportion to the surface upon which they are 

'>i5d, and the length of time the wind may have hlown 

same direction and with the same force. The agitar 

.ill be increased if the wind should blow in a direction 

:iLt> to that of the current of the water; or if it should 

■ Illy change its direction; or, lastly, if land winds meet 
- generated at a considerable distance by other winda 
in;; in shore. This last meteorological condition recurs 

^utEcieItt frequency to hnve attracted the attention of 
:-, and gives rise to one of tho most dangerous forms of 

ao idea of the effect of the wind upon atill waters may 
■I rued from a fact mentioned by Franklin, viz., that in a 
i '.I miles wide, with an average deptli of 3 feet, a strong 

■ . drove all the water fi-om one side, which was laid bare, 

■ : on the other the water was increased 3 feet in depth, 
' 1} feet deep instead of 3 feet, as in the ordinary stata. 
\:<m the eea-shore, and occasionally at great distances 
lij. tJie wind, by its action upon Kmall incoherent mate- 

'-■an frequently cause them to assume a progressive 
11 iu its direction. Instances of this are to be found 
!■ dunes of tho Bay of Biscay, and the sands of tho great 

■ ives, or undutatinns, are the alternate elevations and 
siions in a vertical direction, which for all ordinary 
■?es may be assumed to be caused by the action of 

.1 Ind alone, leaving out of account the veiy rare hurri- 
.!ic and earthquake waves which occur in some particular 

• See BremomuT, Emy, Sgnniin, Miuwd, &c. 



dislricls, Tlicy nrc sometimes subdivided i 
lireakeis ; the former Mrm being applied to the 1m 
tiona met witli in deep water and in the opeu sea. or 

a-shoro in etill weather; whilst breakers are t 
waves caused by storms driving the wat«r with violei 
reefs of rocks or upon precipitous shores, Colonel' 

iilion to the above terms, usoa also those of long 
tvavin. or those possessing a movement of transla 
usually caused by llie wind blowing from the s 
of ehoppbjff vaves : these are, in fact, only modificatio 
running wares, from which they differ in this, t! 
MOt appear to hiive any moveraeiit of translation. 

Waves of different dimensions may often be obs 
Tftncing simultaneously in every direction, crossing on 
at almost every angle, and preaenting occasionally tl 

;e of great disorder. If, however, they be examiD 
tively, even during the moat violent agitation, it m» 
coived that each wave forms part of a system of un 
proceeding from some definite aource of disturbance, 

8 undulation could subsist in perfect independeo 
the rest. The combination of such systems forms a 
undulation ; and it may be observed that a periodioal 
of elevation takes pinee in the waves, which is attrii 
such a combination of tno systems of undulation ;. 

aposed of the waves which are the most appB 
other of those possessing greater extent, hut lea 
height. Waves coming in from the open sea aw,' 
) much more powerful than the cross wares, that 
rarely that we need consider Ihcm othei'wise than 1 
uncompounded waves. 

Those portions of an undulation situated above 
zontal line passing over the normal plane of the V 
called its crotcn. The depressions separating the o 
consecutive waves are called the Irougha, and they k 
the horizontal line above mentioned. The length of ■ 
usually understood to mean the distance between th( 
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icutive troughs ; the height is ascertaiced from Ihe 
I distanco between the bottom of the trough and 
le crown. 

MLieiit motion of waves ia one of translation ; hut if 

I motioii of the molecules of the surface be closelj 

it will be found that they merely oacillalo in 

. plane, witliout advancing in a horizontiil direc- 

) movement of trauslalion, then, only affoots the 

le wave, but it in no wise modifies the position of 

•oules; somewhat in a similar raanner to the effect 

n a field of standing coru, where the waves caused 

fiviiid appear to recede, hut at the same time the 

es are fixed. Or perhaps the apparent move- 

. may he more striltingly illustrated by the 

crew upon its as.i3 between two fixed points. 

inobility of a floating body in the horizontal direction 

er, the most decidedly marked in tho portions of the 

boated about the middle of the rising and falling 

I do not modify the natural cuiTent of the v.-&1fit 
bich they are formed ; so that a body floating upon 
tee of a current will follow its direction, notwithstand- 
t«uperficial undulation. On the other hand, tlie cur- 
8 forward the waves existing upon it without in any 
rfering with the mechanism of their movement of 
lUB, calling the velocity of the waves that 
ley would possess in still water, their apparent velo- 
I a current would he either the sum or ibe diflerence 
1 velocity and that of the current, according as 
in the same or in opposite directions thereto, 
y, however, stales that sometimes at the mouths 
I the velocity of the waves rolling in from the open 
msibly equal to that of the river current. Under 
toumstances the waves form, as it were, fixed rolls or 
which the current of the river is forced to adapt 



m*i lirUlMEHTB Of ■ 

r Wfivcs produced by llie witii], or by any Dllier cau^^H 
become suj>erpo->ed upon others, arising fi-om similar ^^| 
but at au earlier period. Like ihe uuilulatioiis of Bo^^f 
of liglit. lliey are known to cross one aiiotlier in everj^^f 

»tion ^ritbout being affected in a manuer able to destro^^^ 
Tespective velocities. But Brcmonlicr observes that tl^^| 
terns of uudulations may coincide nt intervals of gre^^| 
less duration, and thus give rise to waves of greater 6l4^H 
than tbose which either precede or follow tliem. Tbe<^H 
tioDS of liquid waves may, iievertfaeleGS, be intlectaB^| 

t reflected in precisely the same manner as those of )igltt^^| 
-eound, and the waves so diverted from their original di^^| 
are known raider the name of rfji^cled irares. ^H 

Although it is well kno'.vn tliat vrnves do not Bniv^^| 
the shore with either the same volume or the saiiia^H 
thoy possess in tlia open eea, they still retain a form^H 
I velocity which, for all practical purposes, may be c(uu^^| 
■ constant, eo long as their cause subsists. But, again, "I^^l 
I this may be considered to hold good for a coroparativelj^^l 
I period of lime, it must be borne in mind thai the fo^^H 
I velocity are ia fact very variable, depending upon tb^^l 
I and the time it may have blown in one direclJou, even^^f 
I do not take into accouut the numerous local causes conolH 
ing to modify the action, of the waves. ^ 

There are several theories to account for the formation a 
waves, which may be found in the works of 'Newtoa."|B 
place, La Grange, Poisson, Biot, Bremontier, Kmy^^J 
Young, Scott Russell, the "Philosophical Transaotioi^H 
"Transactions of the British Association." "Les Antu^^H 
Fonts ot Chaussees," &c. For pi'actical purposes i^^| 
however, be suEGcient to state, neai'lj in the words ^^M 
Boibel, that the majority of engineers adhere to ths'^^l 
s propounded by Newton, which accounts for the i^^| 
I tory movement of water, by supposing that the vertical ^^| 
n of the liquid molecules by any external agent, ia^^| 
ubrraed at the lower limit of the agitation of the bsa^^I 
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iiitiil movement of commuiiicution, similar lo tlmt which 

- when tho waters in one Lraiicli of a Bjphou are 

~ed. And it is to be observed that, when waves are 

. ■■id by a cause acting inatantaueously, as in the caae of 

r.y body falling, ibey are transmitted in concentric circu- 

fii-stly of feeble el at o but aubsequenlly increaa- 

1 the osc llation i tl e vano s r gs is isochronous. 

al ty of he aurf ce of tl e hollo and the inurease 

e of tl e Ma e and the uco pressibility of water, 

to CO tnn this theorj h ch a 1 owever, combated 

\ pral e u ent e g ueera an ougat others by Colonel 

a id af e 1 m by Mr Scott Eussell 

rding to those aulhont es the mole ules of water in 

e afie ted by a aer es of orb ulu movements, either 

com] d wl ose ntersect ons for n the surfaces of 

1 themaelve 11 3 theory expla ns in a very plau- 

ujn a y of he pi euome a f a ea ; but it is far 

T e ng gen lly adopted espe ally n the case in which 

pplied to he evplat at on of a multaneous multiple un- 

iL tio s cross ng one auo her 

U vaa lo g bel e e i t! at the agitat on of the sea did not 
nend to a deptl es eed ng from 10 feet I 17 feet C inches 
a the surface a d so f r as ll e waters ot tbti Mediterra- 
n only a e concern d tl s la v s &t II believed to exist. 
inoDtiei has hone er alov tl at u storms the agitation 
mds muci below th s depth a d he asserts that upon 
llttnl s of Ne vfoundland it even evtends to the enormous 
Kh of 63 f et f om tl e s rface To the south of the 
PJ of Good Hope b eikers 1 a e be observed above 
uated 6GC feet belo tie stdl water level; and 
erval ona in the CI an el b ve sho vu that, although 
tion d H I ohes n th the depth of the water, it 
far belov tl e a [posed 1 m t ot 17 feet. But it 
dent Iliat he deg e of uleuce of the agitation 
uriace nust cons de ably affect the depth to which its 
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xtend. 
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The usual heiglit of waves varieB iu diiferent st 
in tlio Channel, when lliej develop themaelvea 
measure about from 13 feet to 10 feet 6 indies from 
to the crown ; in llie Bay of Biscay, tram ID feet 9 
'iS feet; in tfae Mediterranean, from feet 10 i 
13 feet 9 inches ; and in the Lake of Geneva, thef 
aliout H feet inches, Immediately opposite Son) 
the waves attain 7 feel in height, and in some of the 1 
waler reaches of the Seine, close to Paris, the n 
occasionally as much as Q feet I) inches from the bs 
cnHvn. According to Bremontier, ordinary vmfBB 
length equal to four times their height. 

From the effect of the pressure of the wind 
sides of wBTes during storms, they assume freqi 
inclined position. The percussion of such waves 
shelving shore must be much greater than that 
whose axes are vertical; because, independently 
incUnBtion, they are usually animated by a very cot 
velocity. Should the wind suddenly acquire a great 
and io direction (nhich, as before stated, is sliglitlj. 
to the horizon) coincide in plaJie nearly 
waves, whether it be in the same direction, 
one, the surface of the aea will be covered with small 
on every side. 

M. Virla iufei-B from his observations at Ohnrix) 
the duration of an osoillatioD augments wilt tfaa ' 
the (vaves, and the depth below the surface to whicb 
latiou extends. The velocity augments with the la 
diminishes with the depth of the agitation ; whilst b 
expressions are independent of the height of the ni 
It would tbenee appear that, in waves whose 
and which are of great length, the agitation miglit < 
rocks placed at a great distance from the surface, 
also to bo observed that, if the undulalioit of the 
any reef or rock, either vertical or inclined to the 
above the point where the agitation ceases, or if' 



^^ft occur near the bottom of tlieir visible depres- 
^^Kries of variable effects are produced, which depend 
^^R far their mode of action upon the directiou of 
^H[ mtli respect to the prevailiug wiud of tbe particu- 

^^Bre flome anomalous eflects produced by tlie percua- 
^^■ares, which are of great importance in tbeir bearing 
^^B form of hydraulic vrarks. Tbu3 Bi-emontier tnen- 
^^ft the existence of eubmerged rocUs, at from 30 to 40 
^^Kr the surface, augments the height of waves occasion- 
^^Buch aa from 7 to 10 feet, whilst, under other rircuin- 
^^■breakers will not be formed upon rocks only QO feet 
^^Be water. Again, it is known lliat if the entrance to 
^^nasin be narrowed by means of bodies floating in such 
banner as to be about from 8 inches to a foot above and 
kv the water-line respectively, the sea in the passage 
^^^omo much more agitated when tho waves arrive 
^^Hcularly to ihe narrowed channel. The expibmation 
^^^Rihenoraeiiou appears to lie ia the interfei'ence which 
^^Bace between the direct waves and those i-eflected from 
Hraesof the entrance, and the oEi'ect of this interference 

■ be either to increase or dimirJsh the extent of tbe undu- 
llii>D. according as the directions of the two waves coincide 

it; liitt it only modifies the height, without producing 

1 iVect upon thp length of the waves. Possibly it may ba 

lis manner that we may explain the fact that the waves 

^llie Mediterranean, which are so much shorter than those 

llbe Atlantic, are ofteu quite as lofty ; for the reflection of 

■ wavea from the shore may be sufficiently powerful to 
I their height, whilst the surface is not of sufBcient 
ii to allow of the formation of very lung waves. Should 
..iirrowiiig of the channel produce any serious interference 
. I he length of the waves, they will break, and produce a 

■ ilated antl chojiping sea. The same effect is also to be 
M^r\'e<l when the bottom or the shore is covered by a series 
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of rocks projocting above the Uiie at which iho su|i(.;. 
ugiLation ceases to bo folt. 

When a rejected and shortened trave, such as thnsr 
mentioned, meets a large nave coming iu from tlie ope^r . 
a violeuC reaction takes piace, a little to the seaworil o! H 
obstacle giving rise to the interference. This is called d 
ground-gjfeU, the " ressac " of French engineers ; anil it I 
obsen'ed that it ceases to be felt at a distance of about lialif 
mile from the obstacle, and to he the most powerful in ni 
row lakes bounded by abrupt sides. Moreover, the alfecj 
abrupt vertical obstacles to the further progress of'l 
when they are partially immersed and partially abd 
water-line, ia, to increase the height of the waves 1 
reflection produced by the immersed portion, 
lime, should any part of the wavo rise above the uppa 
of the obstacle, it will continue its original forward f 
but with considerably augmented velocity. 

If the waves, instead of meeting a vertical obstacttj 
upon a gently inclined surface, about the depth of ll 
tion, the horizontal transmission of the pressures I 
modiSed. It has been demonstrated, theoretically a 
tically, that the ascensional foi'ce of the water will be ii 
that the summits of the ivavea ilowing over the 
shore will rise to a higher point than they would ^ 
shore were abrupt; and tliat this excess of he^fl 
increase from one wave to another, until the last one ^ 
sent a nearly vertical side to the shore at tli 
breaking. The return wave meeting the next in»jo 
renders the outiine of the latter still more pre 
towards the shore at least. 

Bremontier was led to believe, by the results q 
eitperimenta, that the maximum height attained by H 
corresponded with a plane inclined at an angle of 2SU 
the borizontal Hue; but Heibel is far from adiiiittii| 
this result is to be received implicitly. All tbat ie ai 
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I the subject is, tb&t tbe excess of Uie ascensional 
i the waves npon an inclioed stirface, increases in 
ime proportiou as the mte of inclination with the hori- 
L line (at nhich it is zero) ap to an angle, liitherto 
ermmcd, corresponding to tbo maximum ; and that 
le the increase of height gradually returns to zero, 
oportionss the plane approaches the TCrtical line, leaving 
f tlie account, in this latter case, the effect produced b; 
ollcction of the waves. On many natural beaches, and in 
luilic woi'lis, the slope of the shore terminates in the 
;■ part in an abrupt face, either with or without any fill- 
< < i' the angle. An accumulation of all the above eftecta 

■ llow from such a form, and vary in every particular 
. Liccording to the combined action of the tides, winds, 

1 urrents upon the waves. When these are driven into 

mal angles, either of the shore or of the works, and are 

le again reflected, they attain au additional height. Some 

liors also suppose, that the elasticity of the air drawn 

Uf tbo crest of the ware, may add to the reaction produced 

■ pendently by the solid obstacles. 

\'-n a separation is placed in a basiu of any area perpen- 

.ily to the direction in which the waves advance, the 

. [lortioD, in the immediate vicinity of the separation, 

I..1 more agitated than before, on account of the inter- 

■ e with their propagation, whilst the second portion 
.i the separation will be rendered calmer. This effect 

.1 tube place, even if the obstacle were capable of being 

■ : iged ; hut it would be far more perceptible if the sepa- 
II i,hoiild he surmounted by a wall, or some other means 

\vidcb the action of the wind upon the interior portion 
ilie basin might he obviated. Should the separation, instead 
)ieing continuous, consist of a series of open spaces, each 
■: would become the center of new undulations in the 
1 portion of the basin ; but they would diminish iu 
i( with a rapidity the greater in proportion as the opeu- 
■.■,.:re less, compared to the dimensions of the zone of 



water behind them. la such cuBes, however, the m 
the sea is much iucreosed within the spaoee IhomAtf 
ii upon this principle that piar§ or breakwaters ft 
open stockades, ar of piles, produce still water ti 
sheltered sides, when they ore placed tnuisyerselj 
directiou of the waves, as in the case of Yvmoit 
Haven near Edinburgh, Ostend, and Cronstadt. 

If a species of chanuel be continued bejend the I 
openings in the separation, whose direction correape 
that of the principal waves, and whose width is ti 
to that of the opening, the waves from the outsid 
continue their original course up this channel, 
friction had destroyed their progressive motion. 
with which this effect is produced depends upon the 
the channel, and would be the least if it were contii 
iuBubmersible for the whole of its length, A seriei 
spreading out from the sides of the channel, and pi 
shelving shores, would accelerate the destruction of ^ 
It is upon the varioas principles involved in these i 
illustrations that the construction of jetties, 
or open, have been based ; and they have been adopt 
long series of practical ohservatioua, confirming the U 
deductions of such authorities as Eremontier, Sgani 
ford, and the very distinguished engineers of southe) 

The destructive action of waves upon the sea-shoi 
easily understood, if we consider the mass of i 
set in motion, and the velocity they frequentiy im 
this has on some occasions been oecertained to t 
much OS TO feet per second. Messrs. Virla and Ui 
some interesting facts observed at Cherbourg t 
which appear to prove that the limit of the pow« 
municating lateral motion in the greatest tempests, 
equivalent to an efTorC of TS6& lbs. per yard euperfid 
Stevenson states that, from e.vperimeute made on 
coast of Scotiand, in positions exposed to the whole fi 
Atlantic, it appears that the aTerage pressure of i 
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mouths was equal to fill lbs. per square 

; whilst iu the winter it vaa 'JOSOlbs., or three times as 
It. During the storm of the Otb of March, 184S, it was 
Slbfi. ; and on the tiOih of November, 1S27, the apray rose 

feet aljove tlie mean level of the water at the Bell Rock 
htbouse, so that Mr. Stevenson oilculated the pressure of 
nuves to have been eq^ual to about 9 tons to a square foot. 

the western shore of Ireland, Lord Adair has measured 
big breakei-8 not less than 150 feet high; and SirC. Lyell 
itions, to illustrate the transporting power of w-aves, that 
a the shores of the Shetland Islands, in the jear 1918, a 
k, containing rather more than 835 cubic feet, and 
[hing probably about 23 tons, vaa transported to a distance 
10 feet, and there broken into fragments. At Algiers, 
ks of GOucrets of about 354 cubic feet in volume, and a, 
■fic gravity of 3-3, were torn from their positions, and 
:ed a considerable distance. One of the concrete cones 
e by Be Cessart for the breakwater of Cherbourg, which. 
aiaed about 445 cubic feet, has, however, resisted all the 
>n of the Atlantic since the year 1808. We may there- 

L~:;sume, wilh tolerable confidence, that a mass of about 

■ aliic feet iu volume, with the specific gravity of ojo- 
„ would be the minimuin size which could be exposed 
he action of the ocean without fear of its being removed. 

tliese remarks must not be considered other than as 
L'iiting approximative results ; because, in the calculations 

■ wliich they are based, no allowance was made for the 
■Niioa of specific gravity arising from the various bodies 
; eutireiy immersed, iLor were the conditions of the 

,ion upou the beds carefully ascertained. 
Tie inequalities of the slope of a shore diminish the 
■ement, the velocity, and the height of waves, and the 
:iiuura of the intensity of their action is usually found 
correspond with the level of the half tide, or the mean 
pi pf the sea; but there appear to exist some anomalies J 
■topeot to the last law. Thus, at Cherbourg, the rough M 

L -i 
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I tlie foot of llie breakwater was found to ( 
Knitdence of tlis \vBTeg, and the maximum effort tt 
at the level of li&lf tide, or between 10 and 13J fal 




the top of the wall. But at Cette, the maxiHH 
took place at 5 fest bebw low tides, upon the It* 
itaelf, whilst upon the seaboard the line of action 1"*^ 
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' feet Leiow low water, and on Ilia inland side to 
15 feet from the same level. A sketch of the trana- 
aeclion of the Plymoiilli Breakwater is added in this 



..^ 
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ler that it may be compared at once nith Home 
most impoitaut norlvs of the same dcBcriptioa 
ecu ted. 

Tides ^. 

)nof the tides upon asea-ehore, or upon any works 
hiu their range, is a source of great destruction. 
from the periodical elevations and depressions of 

I by the combined attractions of the sun and 
Old they are the most perceptible in the largest 
ater. In the Pacific they are greater than in the 
a the latter, again, they are far greater than in 
isnean ; whilst they are almost imperceptible in 
1, saoh as the Black Sea or the Caspian, 
rs of the sea rise and fall twice in each consecu- 
1 comprised between the rotumB of the moon to 
neridian. The mean interval of these returns is 

that the mean interval between two succes- 
[eaiaO'SnsaS day; the mean time of the low tide 
! interval again into two nearly equal portions, 
ease of all quantities susceptible of a maximum 
num, the iucrease or diminution of the tides to- 
limits is proportional to the squares of the time 
reen the high and the low tides. 
g tide is known by the special name of the flood; 
ide, by that of ihe ebb. 

1, LnplHCe, WhcwcU, Airy, Lulb«k, Hon 
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The height of the full tide varieg every lUy, Mil tlill 
of variation depends upon the phases of the moon, 
ia greatest at the eyaigies, when the moon is aillu 
coi^)uiictiDu nT ill opposition : it is least nt the tpaif 
In <he former case, the attractions of both the sun an 
' combine to raise the water ; in the latteT, they n 
counteract one unother. But it is to bo obserfed, t 
period of the highest tide at any place upon tlw • 
ohore of a continent Joes not correspond esactly w 
8j»igies, for Laplace and Whewell have observed, t 
bighcBt tides at Brest followed the syzigies at an inl 
86 hours, and those of London at an interval of 3^ if 
the same period. So that if the tide trera high 
moment of ihe syzigy, the thin! tide following it B' 
and the fifth at Loudon, would be the highest. The diK 
between the epochs of highest tides at TariouB points, a 
to be owing to the time required for tlie westerly g 
of the great tidal wave from the ooean. 

The height to which the sea rises at high tida ia 4 
proportional to its fall at low tide ; but there is a 
between the two tides of the same day. The 
therefore ascertained by taking the sura of the h 
two sides above the intermediate low tide, and dividin| 
two. At Brest, where observations have been oarr 
the longest period, the l«tal tide at tlie sy^igies is si 
IG feet 1 D inches, and in the quadratures it ia hut 1 
quantity. 

The tides occurring at the syzigiea are called |l)g J 
ftrfw; thoj^e occurring at the quadraturea are eaJtfll 
nsn^. The former are much increased when the 
perigee. An augmentation also takes place at I 
when the sun's declination is Kero, or at the eqoi 
and the greatest tide occurs when a newer full roooB hi 
near the equinox whilst the moon is in perigeB, i 
action is still further increased if her node aoincida li 
perigee. There are other variations in the heights I 
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JAing from the moTeineiits of the aun and the 
Mi, which are oontinaalt; making the circuit of the 
VBUB at different distaooes from the piano of the equator, 
leeount of the obliquity of the ecliptic and the inclination 
tlie lunar orbit. These oombined motions cause great 
igulorities ia the tides, ^o that both tho time and the pre- 
( height of the high water are perpetually changing. 
liaplBoe observes, that the height of the tides depends also 
f BHich npon local ciroumstancea. Thus the tidal undu- 
An confined within a narrow strait may become consider- 
f iofseased. and the reflection from the opposite shore 
f also augment it to a great extent, especially in the 
Irnal angles of the same coast ; and it is ou this ecconnt 
t the rise of the tide, nhich is so small on the shorea of 
I udande in the Great Southern Ocean, becomes bo great in 
I ports upon the eastern shores of the Atlantic, High 
\i», and especially the equinoctial gates coinciding with 
I tpring tides, may also give rise to great irregularities in 
lie heights. 

(he Governments of most civilized nations publish an 
naoac of the normal heights of the spring tides at the 
St important poeilione upon thtir shores, which heights are 
inoed from astronomical observations. It is usual to 
lompany these tables with a column of numbers called the 
iSdente of the other mioor ports, by means of which it is 
U to find the height of the tide in any one of the latter, 
muItiplyiBg the unity of the tide by the coefBcient 
ligned to that particular port. The unity ia to be aseer- 
iBed on the days immediately after the syzigies of the 
dnoi. 

What ia called the vulgar utaUishmettt of a port is the time 
^ing between the hour of the full moon at the syztgy 
i the high tide oocasioned by it : and the astronomical 
klsB oontain a series of the establishments of the principal 
pfi of Europe. The correctad establishment is the lunar 
mti bigh water freed from the semi -menstrual irregularity, 
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■4br the inLerval of the tide from the mooa's traneit is an 

Kitj a considerable inequality, which goes through its m 

Ktnice in a month, depending on the moon's distance fhfl 

nun in right ascension, or on the solar time of the ll 

I transit. A simple, but not very eiact, way of ascerlfl 

I Ihe hour of high tide consists in adding to the boarfl 

P vulgar establishment of a port as many times 48 seoDtl 

tbere have elapsed days from the full or new moon. ■ 

however, to be observed that, although the astroad 

reasoning with respect to the tides has been demonstnfl 

he correct beyond all possibility of doubt, yet there anl 

and occasional irregularities which modify the results oH 

tidal movements to a great extent, For instance, m 

blowing from the sea have sometimes such power, dn 

tides of the quadratures are raised up by them to hei^n 

ceeding those of the sjzigies. I 

Smeaton mentions that, at the port of Christchnrlfl 

I Hampshire, the neap tides rise as high as the Bpringfl 

I whoa the wind is blowing hard from the west ; and thel 

phenomenon lias been observed at Dunldrk. But tbn 

momblo storm of Nov. 2^, 1824, occurred at the syzigiM 

the new moon had takea place on the 2Dth. The tifl 

^thi3 occasion, rose at Plymouth nearly 8 feet inchesfl 
its usual height at spring tides ; the calculated coeffidofl 
&e day having been O'SO, whilst the coefficient for thai 
which did occur was 1'13. In regard to hydraulic eugfl 
ing, however, the coefficient to be derived from tltesftS 
ordinary tides is of little use as a means of a&certaiaill 
height to which marine works may be ajfect«d, beosiuH 
same wind which causes them to rise beyond their'l 
level at the flood, causes them also to fall to a corrMM 
ingly lower level at tlie ebb; whilst the coefficient 
refers to the difference between the tides, without fumfl 
any definite indication as to the height to which thsfl 
may rise. In the present state of our knowledge tluefl 
. in fact, no means of predicating with certainty the pol 
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^ce of tbe wicd upou the rise of the tides. lu bi 

Bell as the MediterraTieau, where those are but feeble, 

finds have a greater disturbing power, however, than in the 

icean ; and it has been observed that the tides upou 

rouihern const of France, wliich are usually from 6 inches 

la 1 foot, are eometimes carried by storms, at very irregular 

iutervals, to a height of 3 feet 6 inches. 

On account of the configuration of the land, the tides, as 

tjofore obsetred, rise much higher on the shores than 

, do in the open sea, where they are only affected by tho 

; Lttions of the sun and the moon. The most remarkable 

iitions known are considered to talie place at Chepatoi 

. [I? the rise of spring tides is about CO feet; at Bristol it 

i(t feet; in Mount St. Michaels Bay, it is 4Q feet; i 

ijiy of Fundy and on the coast of Nova Scotia it is about 

■ 1 1 fi;ct ; whilst ill tho Northern Atlantic it is on the average 

Mill 10 to 13 feet; at SL Helena, only 3 feet; and on t 

"s of the islands of tho Pacific it is barely perceptible. 

I }■! propagation of the tide m ruers partakes of the moi 

L of ■waiea or breakers upon an inclined shore. They 

t i a higher point, and continue to a later period, ii 

u>r of a country than they do at the mouth : but tho 

lit to which they nse depends greatly upon the outline 

111 banks of the rner, and it appears that the strength 

I Iirectiou of tho wiud lias a greater influence upon the 

]f nvers than it has upon those of the sea-shore. la 

i Ibc at Hamburg, for instance, with a stiong north-east 

1 ihe height of the spring tides may be doubled or 

--J 

riieoretically, the lime employed by the sea to rise through 
iliffereut portions of the tide will bo represented by the 
:ih of tho arcs of the circumference of a circle, whose 
:lini diameter should be the total rise; the arcs being 
[rnsed between horizontal lines drawn from tbe extreme 
.,.,iii.* and corresponding points upon the vertical line, bo 
I half circumference will represent the total tii 
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hetweeo high &nd low v&ter. The distqrbing 
imoieOiote vieinity ot Ihe ses-shore &ve. haWBref, 
meraus, that it is nMcssatj to mske p&niciilar obsen 
every localily where it may be required U> coDstrqj 
ejfpoBed to the iafluetice of the tides. 

Thus, at Rochefort, near the mouth 
of the Chiirente, a double high tide ia 
formed for about three days in each 
quadrature, somewhat in the manuer 
represented in the Bkelcb in the 
margin, in whith the ahscissce repre- 
sent ibe tiroca between the variations, 
and the orii'Matcs the heights •. In 

the Orwel), on the Essex coast, as ir- 

rnany as four floods have been noticed in one tide; 
haps two of the most remarkable and interegting iUt 
of Uie distiirbaii<^es superinduced by peculiarities in tb 
any coast are to be found on the southern shore of 
between Portland Race and Seleea Bill ; and on th| 
France, a little to the south-east of this district, at tl 
of the river Seine. 

At the western extremity of tlie British Channel 
tidftl wave from the Atlantic risea with considerable | 
on both shores ; but, as might be expected, the Ijne 
or rather isochronous, tides assumes a convex fomj 
the east, on account of the diminution of velocity pf 
from the friction upon the shelriug coasts. At Exm( 
St, Malo we find that the rise of the tide tslos pl 
great regularity, and in accordance with the deductig 
theory, as may be underetood by reference to Sg. 
repiresepts the cun'e of the tide at Exmouth, at tljl 
At the extremity of the Bill of Poitland tho ( 
prevails, and the rise and fall of the tide are ^ : 
• It ho* been fuund, however. neceBsary in inierl the Iirm up 
of tli|i prdinitei, becauBu tbe tpBcet upon the Gli(inl-Iti)e mx» I 
^ye (befit "" ^'' ^"?f p"'!""* "f tf"" P'^'^- 
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ble equal in time. The tidoTware continues its course, 
ifee norlhem edge at length meets the Needles Pojnt, 




i'-pre it divides into two unequal portions, one of which 
mues its course round the IbIo of Wight, and the other 
ip the Needles passage into the Solent. The velocity 
^ smaller tide-wave bccomea diminished considerably 
■2 to the greater comparative influenco of the friction 
iliB diminished volume), so that it ouly reaches South- 
[i at tlie same time that the mid-channel tide reaches 
j nut near Dunnose. The small tide-wave then begins to 
' ilie Southampton Water, but it is stopped in its descent 
II' incoming tide derived from the main mid-channel 
.11 which flows through the wide and deep pasaagfl of 
iijid, and, being driven hack, the second high tide, repre- 

!■■ apitheaJ tide in its turn dii-ides at Calshot Castle, 

■li it were, superposes itself upon the ebb tide for a con- 

■lile distance along the coast. At Yarmouth, the curve 

cilueed is very similar to that noticed at Southampton, whilst 
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^^al Calskot Castle and at L>?pe the tfro mives an so neai!;^^! 
tieal in time, that the effect of the Spithead tide is onl^^H 
cfiptible by the existence of a species of flatteniog of the <^^H 
At Poole and Sn-anage Uie eupeqwdtion of the Sja^^f 
tide opon tke ebb, instead of taking pbice immediatety^^H 
tlie high water of the first tide, is Ui bs observed at ^^H 
mid ebb. la Weymouth Bav, the same pbenomenon o^^H 
but at a period intermediate between the base of the eli^^H 
the commeueement of the next 6ood ; and at the Shai^^^f 
the last trace of the Spitbead tide-iriLve is to be foond i^^| 
strong current tthich flows, at the commencement of ^U^^| 
in a direction from east to n'est, in direct opposition t^^H 
great tidal current, which at tliat period flows from i(^^| 

I east, or up the Cbanuel. ^^M 

Smeaton noticed the double tide, above described, at ^^^^l 
(^urch ; but we aro indebted to the careful and remai^^l 
skilful reseambes of Captain Sheringham, R.N,, publigb^^H 
the "Nautical Magiizine '" for August and Seplember, iS&lS 
for the means of explaining this peculiar apparent anonmlf I 
in the tidal action upon our shores. It will be newssmj H 
hereafter to recur to this Gut^ect, in order to explain '1"' 
practical inQuence of such phenomena upon engineer)" 
works. 
• On the French coast, and particularly in the Bay of i-i 
Seine, the high water is maintained for a longer period in I'i 
several ports of the embouchures of the rivers, than it is ■'- 
the portions of the channel where the main tide-wave '■■ 
sufficiently powerful to act in a normal manner. Thus, il. 
tide remains at the full for the space of one hour «t (1. 
ennboucbure of the Ome, and for 1 J hour at the cmboui^lim ' 
oftho Seine: whilst at St. Malo, Dieppe, aud Fiiaanii>i ■' 
commences falling directly the culminating point has I'C' 
attained. In these cases it appears that the impetus <d 
main ebb-tide wave, arising from its volume and ti 
sullioient to prevent the escape of the small portions j 
had found Jheir way into the irregularities of the C 
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nl of the main stresm bad so cousiderably fallen us to 
Be Bwperior elevaljoa of the in-sliore waters to over- 

B resistance of the main stream. 

p nst be observed that the ontline of the ocean, upon 

Esbores at least, U very fet from being of the simplo 

itarftcter it is - usually considered to be. Not only is it 

nodified by the tides, hut also the latter are in their turn 

.I'h affected by the configuration of the land. Thus, in 

[iny of Weymouth, the gre-at tide-wave sweeps past with 

:t \elocilj, and it is only by "hat may be called deriTRtion 

11 ihe main stream that the water in the bottom of the 

I-. itffecled; and, in fact, at some periods of the tide, the 

■ [■ rather flows with au easterly current than in tbo 
■mry westerly direction. If it were possible to level the 

II surface of the tide-wave, we should, iii all probability, 
that a line would exist, passing from the extremity of 

j'-jftlaud Bill to St. Alhan's Head, upon which the water 
111, during the flood-tide, occupy a ridge at a sensibla 
.'.(ioa above that in the interior of the bay between those 

■ <-!. It must, indeed, be evident that the water, when once 
. nssed with the motion of the tidal wave would, from its 
ilia, continue to follow its path in the direction thus given, 
.! the superior force of gravity should cause it to flow 
' tliB lower poaitiona withdrawn from the direct influence 
ilic tide. Upon the tides in the Bay of the Seine this 

III is also very manifest, and the high ridgo of the tide 
I ps by the indent of the land, from the Cap de Barfleur 
iho Cap d'Antifer. In the intermediate portions the 

<if the tido is only derived from the main stream, cx- 
;iii^' at tbo mouth of the Seine in front of Havre ; for the 
Mriking upon Cap d'Antifer divides into two portions, 
iif which continues up the channel, and the other retums 
;; the shore, passes in front of Havre, and, joining the 
:vi'd tide, runs up the Seine. On its course, however, this 
ii'jre current is deflected by the jetty at the mouth of th« 
t Havre, and is carried on to the Point du Hoc, wl 
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Ijt again dividoa, nne portioii flowiDg up the nver, i 
IvtJier returning close nloog the shore until it Aoitb if 
I «Q)er harbour. There are, in iaet. no leas then three ^ 
r lidal currents flowing in front nf thfi port of Havre, | 
I which has a direction opposite to that of the currmlJ 
I toverila the open sea than itself. 

Finally, it is to be observed with respect to the ti 
r thc'y are so influenced bf the outline of the sborw t 
I the reigning niuds, as also occafiionaltj: by local cumatfi^fl 
Kdo ebalract reasoning ran be applied to then). Aithep 
r lions between the times and tba heights of the tidt(ll 
incaloulable importance, both to the engineer and the I 
gator connected with any port, it ia impossible to obtd 
fnoch information upon the subject. It vould be, t 
. of the highest interest were conaecutive observatie)|9 c) 
I fm at all the impqrtaut pointa of our coast. 
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The stability of woria erected upon the sea-shorfi ia qfyjD 
affected, directly or indirectly, by the action of cun 
the remarkable influence they possess upon the c 
alluvions, sand, or shingle, renders their atady tliff 
indispensable. Some of the most striking illuatp 
the importance and nature of currents are subjoined^ 

In the Mediterranean there is a general current i 
Rlong the shore, near the western end, whose dire 
from the west to the east on the coast of AJ'rico, gg 
the east to the west on the coast of Europe. On the a 
cqoBt the velocity of this current does not exceed 3 I 
per second, whilst at Algiers it has been noticed (s i 
the rate of from 10 to ISi inches, or even as much | 
inches, per second, at the extremities of some capes. 

The oceanic currents are of much greater importanwi 

that of the Mediterranean, qn account of the iniH 

Bte B*""*'! "" Curranii; Sg^nan, Minurd, Benw4, JK. I 
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) of water they roll along, and of their velocity ; as 

ftiri&B of their greater influence upon the climate of many 

^Mtiona of the globe, and tlie serious interference they 

Kercise upon the operations of Bailors. The Atlantio our- 

,'.; are those with respect to which we possess the most 

^lafe iuformatiou ; and, indeed, it ia probable that Major 

liell'a surmise may be correct, that the outline of the 

lij of Ibe Pacific ia not so calculated to give rise to them 

; Hcjie of the Atlantic. The most imporlant of the currents 

in^ latter is the great Gulf stream, which sets round the 

r. of Good Hope from the Pacific, along the western 

f of Africa, until it meets the Bight of Benin, by which 

deilected to tbe opposite coast of America. Stri]iing the 

:i/ine eastern point of that continent at Cape St. Roque, 

ntinues along tbe American sboro to the head of the 

', of Mexico, from which it flows through tbe Straits of 

.<U, following the eastern shore of the northern continent 

: short distance, and a little below Newfoundland it 

.; (iff ahritptly to the eastward. The main body of the 

.!r (.tream is then deflected towards the south, and is lost 

iiiu- the Azores ; hut an important branch sets towafds the 

htRcl east, and runs round Ireland and England, finally 

'wiii;^ itself in the Arctic Ocean, near Spitzbergen. The 

< ! uf this stream is decidedly to contribute to the mi]d- 

. imd moistura of the climate naturajly arising from our 

!ir position. 

II the western coast of Franco a current Jukes it rise, 
ii ilowB in a soutlierly direction, along the coast of Africa, 
;ifj. in its course, given off the spream before noticed gs 
iiiH into tbe Mediterranean: it ia finally lost in the 
,1 of Biftffra. Major Rennell also was of opinion that a 
iiir current also took its origin in the Bay of Biscay, and 
i in a north- easterly direction round tbe British Islands. 
Imwover. doubtful whether this be not merely the branch 
:. .' great Gulf stream already noticed. 

ression of the tide-w9.v9 creates a ciirrent, wfe^g 



^^^DTfjgressic 



I 



tUrecliDn, vlim observed near the shore, is ysrj va^^H 
altliougli, as a general rule, it will be found to lilteni£t^^^| 
the cause which gives rise to it. But it ivould appn^^H 
the chaugc in the horizontal direction of the cuirent J^^H 
coincides invariably witli the vertical change <i^^B 
tide in time. There is an interval, more or less long.lirtl^Hb 
the reversal of the direction of tho curreut, and the epoil^^L 
the full or the low tide ; and the coincidence, when >t^^| 
occur, appears to be ovring to some local and exccn^^f 
circumstance. Again, in soroe positions the direcdoiil^^H 
tidal cun-cnt varies through uearlj all tho points ^^H 
compass within the day (as. for instance, in the t^^^| 
between Jersey, Guernsey, and the French coast); in^^H 
cases the venation only extends through a portion ^^H 
circle ; whilst the normal change is only in the preoia^^^l 
tion of the ebb and the flow. ^^H 

As the princij^ml linea of the tidal currents thoa c^^H 
with that of the progress of (he great tidal wave, it iii^^H 
evident that they would vaiy on each sbore of the l^^H 
lElande. On the southem shore they are priucipaD^^H 
the south-west to the north-oast, uid vice ttersi; ^^^M 
western coast thej are from S.S.W. to N.N.E., and vie^^H 
on the eastern coast they are from N.N.W. to S.S.^^H 
vice rersd; which directions continue until the tid^^H 
which has passed round the northern part of Scotlu^^f 
continued do\vn the eastern coast, meets the tide-wave ^^| 
has passed along the southern shoro. But the influencdH 
the configuration of the land npon the directions of carrenffl 
is very perceptible in the shallow geaa surrounding tho Britlslrl 
Islands; and it is therefore in similar positions morr n" 
portant to observe the nature and effects of local ourm, 
than to adopt implicitly any merely abstract theoretical ■ 
ductions. The peculiar laws of the tidea, already allmleJ 
ns prevailing upon the eoost between Portland Bill 
Selsea Point, and in the Bay of the Seine, may he cite ' 
instances of the modifications the outline of a coast is u .' 
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' .(luce ill the direction of tlie tidal currents. Upon the 
' 1 1 Ta coast of Great Britain another cauae of irregolarity 
I - in this, tbat the continuance of the south-west wind 
I lengtliened period will cauae the tide to flow for an hour 
' ']' than usual, and in this manner give a preponderance 
■.■ direction of the current in the direction of the flood 
■ ihat of the ebb. 

I liO velocity of oceanic cun'ents in not affected by the 
ijiiiGnt of the waves, for the advance of Hooting bodies 
iiui their influence takes place as rapidly when the sea 
.:i^:tated as when it is calm ; but the wind has veiy con- 
lable power upon tbem, especially in their upper portions. 
• nlso observed that occasionally there is a difference of 
i.lion between the upper and lower strata of currents , 
i h may in all oases be accounted for by the interference of 
1 local disturbance. The rate of flow varies within very 
iiiorable limits, as may be perceived from the following 
if some of the most remarkable currants hitherto observed. 
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I'lo effect of the interference of any irregularity of the 

iiii.-j of a coast upon the direction of the currents is 

T'l'jduce a series of counter- currents, eddies, and whirl- 

jii>l5. It ia admitted, therefore, that any abrupt projec- 

ii"ii or retreat from the general Une, either of a current or 

•4 tlip bed of a river, will give rise to such counter-currents, . 

■ -J destructive action upon the obstacles causing thorn y 



r (lie KTMitr inteitsitT. in propoftian u 1 
vriedtj of the Btrenni. Capes, bnj-s, and isl 
lutunl menns hj wliich these effecta sre prodnced e 
scale. The jetties ut the mouthi of haji^oun ha*s a 
aimilar action ; aiid the changes tbej reciprooallj 
qpon the nonnal direDtion of die main cairents reqi 
carefuUj studied, both bv engioeers and pilots. 

At the embouchures of riven the eSect of the d 
causM ia further complicaled by the djnamical teiul 
tlia water of Uis currant to flow tuto the depression! 
esisting jii such positions at low tides, and hy the d 
the upland soft waters. The form of the embouc 
considerable influence upon the phenomena to be mt 
any particulnr instanoe ; for it may happen, and a 
does, that even nheu the tide falls, the sea water i 
tinue to be poured into the river ; or vies vtrni, 
river will disoharge iolo tlie sea after the tide has a 
rising : inasmuch aa tlie conditiona of the interDhanj 
waters depend upon (he configuration and size of tht 
Thus, at the moutli of the Adour, a river wbioh, ^ 
being open towards the sea, has a funnel ebape ' 
neck outwards, the tidal wave maintains a greater 
the eea than in the river during the whole of % 
because it cannot enter through the narrow i 
suflScient rapidity to fill the bed of the river. The i 
of height has been noticed to be as much as four fe 
the syzigies ; and, in consequence of it, the duratit 
flood-tide in the interior of the Adonr is prolonged 
an hour after it has ceased in the open sea. 
eflecta have been obeerved at the mouth of ths 
Scotland, where also the embouchure is suddenly ci 

A very peculiar and interesting phenomenon, hefov 
to, may he observed during the rise of the tide in ri) 
such cases, as the molecules of the water povnng 
river are impressed with a velocity equal to that of I 
tidal wave, their direction whilst flowing into tbs P 



' b4 a resultant from tlie two diractioDS ol' t^cir 
aal flow, and Uiat, ariBing from tlie tendency of the water 
ll up the depression of the embouchure. In the center 
le priiioipfti curreut there will then he formed a line 
BBponding with the axis of aquilihriura of the forces 
tcting tbe water up the river and towards the side. This 
Brkabla line is sometimes sufficiently defined to be Tisible 
lie naked eye ) and at all times it may be distinguished 
% braa4 sheet of sta^ant water on either side ; but it 
jsearily obanges, both in ita direction and its form, accord- 
to Ibe state of the tide, or the nature of the bed of the 
r. A precisely similar effect we have seen to take place 
Ing t})e rise of the tide in oertaJn bays ; as in the casaa 
ire cjted of tha Bay of Weymouth and of the Seine ; Jjut 
mode of actiou may be more distinctly observed in 
irs. 

!]je descending fresh water interferes with the transmia- 
I of tUa tidal wave up a river in the following manner ; — 
icon as the Sood begins to pour in it creates a species of 
I, opposing the descent of the fresh water. Until the sea 

"niiied a greater height than that of the water so accu- 
il, it cannot flow into the river ; but as the rise of the 

,-: visually much more rapid than tliat of the land-waters, 
offect becomes quickly perceptible. In the mean time a 
t& of zones of still mater, of eddies, currents, and counter- 
rents, will be formed, in consequence of the opposite direo- 
18 of the flow of tie two waters, and of the difference in 
if specific gravities ; and these irregularities will assume a 
Iter importance, and a more permanent character, in 
portion as the volume and tbe velocity of the descending 
th water is more considerable ; and they will continua 
!i! the tidal wave shall have entirely overcome tha resiet- 

■ 'if tlia downward current of tha river. 

■ li on account of the interference of the descending 
- »ater witii the transmission of the tidal wave, tbat the 

im/fi tbe flood aud the ebb tides are retarded in prBpopj 
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tioQ BB Uia disUnce from the sea increasas : at the same tlm 
however, the epecies of lieaping nj) produced in them m;" 
meats tha difference of level. Indeed, from this rausi ■ 
frequently happens that in the interior the tide rises i.' i 
point coDBiderably above the level of the high tides in l±r J 
ocean. I 

But the most singular phenomenon connected wit!i the RH 1 
of the tide in rivers is the one presenled by the "iv!''" 
According to Colonel Emy, this may be defined as teinf i 
peculiar undulation, ivhich announces the arrival of the fi<:>''i 
tide in many rivers. It consists of two, three, or Eoraetiui' ■ 
four wavea, very short, and succeeding one another rspidl; 
which bar the whole river, and ascend it to a great distai""f 
they often break upon the crown, and upset every liung Ij 
meet in their course, and are accompanied by a fearful if 
In the Severn, the bore is stated to be of almost I 
occurrence, and sometimes even to attain a height of Bj| 
in the Dordogne, it rises from 5 to feet, and travd» w 
rate of about 5 miles in 34 minutes ; in the Seine, it] 
not exceed 3 feet; in the Thames, it only esiste in 
mentory state; whilst in the Hoogly, at Calcutta, i 
about 6 feet, and is transmitted at the rate of about L7jl 
per hour ; and in tho Menga the rise is said to be 13 U 

Tbe cause of the bore is universally cousideied i 
owing to the interference with the transmission of tlufl 
■wave, arising either from the sudden contraction ( 
embouchure of the rivei-, or from the existence of J 
abrupt step or bar in the bed. The wave terminates abfl 
on the inland side, because the quantity of water O 
in it is so great, and ils motion so rapid, that there l{ 
ButEcient time for the surface of the river to be ( 
immediately by tho transmitted ] 
compares this abrupt tido-wave to those which curl 0T9 
break upon a shelving shore. Tlie periods at iiWlm 
effects are the greatest are at the eyzigies ; and they d 
in proportion as the bed of the river is deeper, 
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! oj TFbom, Tvles, and CurrenU upon Sea Coasti*. 

KBea-sbore, of whatever materials it be composed, if it 

3 direction of any current, ivliether tidal or of any 

r description, is gradually ivorn away by tbe incessant 

etion of the water. Under normal circumstances there is a 

inoular uniformity in. the mode of tbia degradation ; and 

:^lly in the cases of hard rock, of agglatinated Bhicgle, of 

liiv. it will be found that, for a certain height above the 

I of ordinary calm high tides, the outline of tbe shore 

' niea a curvilinear form. Where the sea is much agitated, 

lioigbt in question may attain from 13 to 14 feet; the 

■ 1- itself is always cycloidal. At ita foot, and taugentially to 

:ii-ceeds a elope, which joins the natural bed at the level of 

: jwest tides, with an inclination varying according to the 

'lie of the beach. Sometimes tbe slope within the range 

' the tidea is aa 7 to 1 ; and it diminishes as frequently 

-low the level of the low-water mark to as much as 30 to 1. 

t other times, and especially if the bed be of mud, the 

Ope becomes almost abrupt below tbe low-water line, because 

e water supports the mud. At Cherbourg, it waa noticed 

at the small materials thrown into the sea for the formation 

the breakwater took a slope of about i^" below that line ; 

id in many cases upon our shores tbe shingle banks may be 

iserved to assume a similar inclination. In the Lake of 

eneva, tbe shore near Vevay, where it is composed of fine 

ad, takes a slope of 10 to 1, to a depth of from C to 7 feet 

llow the variations of the water-line; whilst, at a greater 

Ipth, the slope is aa 3 to 1, or the natutal inclination of 

nd in still water. 

The destructive action of the sea upon the shores 
lunding it, arisea principally from the action of the waves 
iving in the direction of tbe prevailing wind. This action 
complicated in ita nature, but it may be considered to be 
I^H * Sse IiBloblardie, Bgmtziit, Minard, Snienton, &<;. 
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composed of the oscillating rootiun of the moIi^cukB ■ 
water occasioned b; the waves : of the efTect jiroduced I 
wind upon tlje upper parts of lUe wavea tliemsdves ; m 
reaction produced by any projection beyond the ordimtlfl 
of the shore; of the permanent and periodical currefl 
which the tnaaa of the water may be exposed ; and, final 
the dyjiamicul effort exercised by the water set ui tM 
Of these cauaes, the three Crst are without compsiufl 
most powerful, aad hitherto it has uot beea aacufl 
withiu what limits they are able to act. But it ifl imn 
to observe, that the existeuce of auy object in abrupt! 
gives rise to such eddies, that the bottooi of the sea torn 
will be rapidly carried away, if it be of a nature tol 
easily, and be situated within the limits of the ilistd 
causea. It follows from this, that great precautiona tm 
taken in the conatructioM of any vertical retaining wallj 
foundations may be near the low-tide line ; for the rew 
lion of the waves is certain to undermine them> it SuM 
elay or light sand. ■ 

Occasionally it may happen that the destructive 61m 
the sea, which principally operates in tiie directioa m 
advance of the flood-tide, is reversed by the existence oH 
local current which increases the power of the ebb. HI 
the Biitish Channel the outliue of the majority of ihfl 
tetween Laud's End and Portland Bill is eoncave im 
the incoming tide ; but between Portland Bill and 9 
itoint, the outline of ihe bays, of the main land at lil 
almost invariably convex to this tide. The cause ■ 
Apparent anomaly is to be found in the existence I 
second tide before noticed, which increases the volumel 
ebb close in ehore ; and also to the fact that the i^M 
Portland, and the spur terminated by St. Alban's Hecd 
as it were, breaiwaters shekeriug the intermediate fl 
from the efl'ects of the soulh-weat winds. ■ 

The geological nature of the rocks exposed te the I 
the waves may also materially affect their rata of destra 
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I react upon Iha preaei'Tation of the neigbbouriug 
In tbe particular instance IsBt ciled a remarkable 
iinpie of this may be found ; for the projecting pointa of 
I Isle of Portland and St. Alban'a Head are respectively 
ibe harder and more reeisting strata of the oolite ; whilst 
; intermediate bays of Weymouth and of Poole are es- 
vated in the less resisting strata of the Oxford, or the Lou- 

^iiiiilar obeerTatiotis are to be made upon the configuration 
'|j>.' French coast in the Bay of the Beiiie. Its general 
iLliue ia concave towards the north-east, on account, doiiLt- 
Hly, of the increased force of the ebb-tide, arising from the 
&«oted portion of the flood striking Ibe Cap d'Anlifer, oud 
im the volume of the several rivers, Seine, Orne, Touquoa, 
-, Vire, &c,, which pour their waters into it. From the 
J50 that the western extremity of the bay is formed hj 
^ranitto peuiuaula of the Cotentin, projecting far into the 
iluili Channel, this portion is sheltered from the flrat 
Imoe of the great tidal wave, and also from the eilbcts of 
! prevailing winds over the vast expanse of the Atlantic. 
yond the Cap d'Antifer, as also beyond Selsea Point, the 
in outlines of the bays resume their normal direction ; and 
)y are concave towards the incoming flood-tides. These 
iervatjons, however, must only be understood generally, 
i^use there are innumerable causes of interference with 
9 action of the usual laws, which may be observed to affect 
riously every particular locality, 

The materials detached from the rocks or shores by the 

I are transported by the currents in a direction which may 

'Stated generally to correspond with that of their greatest 

$, Boat permanent influence, n'hether that be in tlie same 

IBukt^e advance of the great tide-wave or in the opposite 

'" Yhus upon the French coast the maferiais detached 

1 ilie oliffe, in the portion aituated near Cap d'Antifer, 

^riiiisported partly towards tlie eaat, and partly towards 

fttit, in consequence of the eeporatiou of the tidal our^ 
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rent at that point, and llie uonnal direction of tli^ 
the mouths of the haj'liour§ will be foaud to coireaf 
these dii'ectiona ; that is to say, the shingle enters 
of Etretat, Fecamp, and Dieppe, from the west; wi 
carried into Havre and Honfleur from the east, and 
of the Ome and the Vire have a general inclinatk 
the mouths of the rivers from east to west. Betwee 
End and Portland the shingle moves from vest to 
the tidal current, and again beyond Selsea Poin 
foreland the same fact may be observed ; hut, in 
to the generally received opinion, it will he found' 
hulk of the ehingle moving along the coast between 
and the Needles, moves from east to west, and that 
direction of the bars is also between those points. ! 
currents of this part of our shore are, however, e 
complicated, that it is hardly possible to affirm ' 
positive law exists with respect to the distributia 
shingle upon it ; and, indeed, the prevalence of a W 
wind for a few days will totally reverse the ordinary «r 
of its advance. 

However, it will be found that, in every possible J 
of the progress of the shingle or other detrilal matt 
current wili deposit them upon its concave edge 
is deflected by any object from its ordinary path. 
be accounted for by the fact that the moss of wa 
mdn current will be animated by a certain velodJ 
will carry it forward in its original direction; when,! 
it is diverted from its course, the change will take j 
curvilinear form, derived from the original impulssi 
tendency to rush into the depression existing bit 
obstacle. The main body of the stream, under en ' 
stances, will retain its velocity, hut the edge near Q 
will flow more slowly by the effect of the frictioiL' 
retardation caused by a portion of the water flowing 
depression. lu consequence of this diminished yek 
stream will no longer be able to transport the shin^ 
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tarlly be deposited on the line corresponding with 
ttardation. The Italian authors upon hydraulics have 
bserved, that whan the wind blows in the same dii-ection 
,hftt of the littoral current, saud-hauks are more rapidly 
d in the sheltered parts of the shore than under other 



eshingle, or other alluvions, which snrrouud the bases of 
follow precisely the contours and directions of the latter 
itii. But when the shingle collected in a bay has no 
isic support, it will assume a curvilinear outline, whose 
vitj- will be turned towards the sea, in the direction of 
revaitiiig wind. This effect may be distinctly perceived 
me of the bays upon the eastern shores of England, 
Lpoo the French coast between the Caps d'Antifer and 
lez; for in both cases the yielding nature of the mate- 
allows the genera! outline of the coast to modiiy itself 
e most powerful action of the waves, which, as is well 
n, is always exercised in the direction of the prevailing 
I. On some parts of the French coast M. Lamhiardie 
I the concavity to he nearly one-tenth of the chord line 
a hay. It also appears from his observations, and from 

of Zendrini, upon tlie shores of the Mediterranean, 
the advance of immei-aed substances, and of detrital 
BT in suspension, may be owing either entirely to the 
Q of the waves, or to that of periodical currents, or to a 
lination of botli. When the direction of the prevailing 

and of the waves is perpendicular to the shore, the 
isive action attains its maximum, but no movement of 
ilation is given to the detritus along shore. When the 
ition of the wind is parallel to the shore, the action upon 
shingle is at the minimum ; and Lamhiardie asserts, that 
1 that direction forms an angle of 45° with the shore, the 
in to produce the movement of translation attains its 
inium. If, tlierefore, a hay exist whose centra! axis 
Jd coiTespond with the direction of the prevailing n 

iuviona driven along the coast will be occumnlat 



iling winds^^^H 
jmnlate^j^^H 



tho Uottom of tlie bay : atid if a projecting Mlin I 
should be exposed to aucli a wind, die materiala oi 
!b composed would be carried from it on eithsr 8 
summit. 

As might naturally be expected, it is found tl 
directiou of the littoral currents corresponds with tli^ 
prsvailiug winds, tbe advance of shingle or other i 
ig more rapid ; wad, in fine weather, the tranalai 
emaller niateriala utaj still continue. But if the t' 
should be in opposition to one another, there will 
dimimilion, or even a, temporary or a peratanent ceE 
the onward movement. 

If, during their advance along the shore under ij 
irapolaiou of the waves and of tho currents, the 
meet a deep bay sheltered from the prevailing V 
still water existing in it will allovr the heavier ft 
Bubside ; and if, iu addition to the general compart 
quiility of the bay, there should exist any eubaidiaiy 
producing upon their edges zones of still v 
ing matters in euspenijionwill be deposited either tel 
or permanently. This latter contingency o 
bouohures of most rivers, and the bars are fbrmedi 
caseB, by the deposition of tlie alluvions upon thi 
junction of the littoral current with thai of the dowi 
and, as these directions are usually either at riglit J 
highly inclined, to one another, the axie of the t 
that of the resultant affected by the volume, the r 
the direction of the two streams. 

Should the alluvions, instead of meeting wiUl a 4 
such as has been described, meet 
with a projection upon the shore, 
tliey will form a deposit in the 
opposing angle which will be con- 
cave to the general direction of 
their advance. If the action 
giving rise to the alluvions be permanent, it will 4 
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pern round the projection, and there, meeting with Btill 
bey wilt be deposited. The accumulation of a bank 
IboBition vrill often be accelerated by the currents and 
■■currents generated b; the projection. 
I conditions of tlie advance tiud deposition of marine 
■s are complicated by many interferences, in the mouths 
pB, beyond those already alluded to. For not only are 
■bcC«d by the outlines of the const, and the meeting of 
■renta, but, also by tbe diSeiences in the apt 
H of the waters, and b; the sediments brought dotrn 
Wvers themselves. According to the particular period 
fides, there is an alternate predominance in the elTective 
Bf the two waters ; and the occasional occurrence of land 
■till further modiiies them, thereby complicating to 
■preater estent the phenomena of the formation of 
■or mud banks in what are cabled the " deltas " 
u This subject is treated with remaxltable ability 
be la Beohe's " Geological Observer," and tbe reader 
Bfore earnestly referred to it ; but it may suffice for 
Bpurposea to observe, that long and patient observations 
Bto be made liefore any engineering works should be 
■ten, with a view to modify the conditions of the 
■tm of the banks in the embouchures of rivers. If, on 
■I hand, the narrowing the channel be advantageous. 
Hbiing the waters in an invariable direction, and by 
fcg the passage by the increased velocity thus obtained; 
K DD the other, also dirainish the quantity of water 
Bed at every tide into the upper reaches of the river, 
Burfere vilh the discharge of the floods. 
Bextent of complication, so to speak, of the causes 
fiopon the deposition of alluvions in embouchui 
K that, in the present state of our knowledge, nothing 
l^redicated with certainty as to the effect of any 
Htjiuu upon their outline, 'nhether produced by m 
mrt. It seems, therefore, advisable, uulosa there be 
Koeptioiijtl circumstances attached to the particular 
§ E 8 
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St m f f nn le be gmoillj' ■rftirittmt bj- the Italian, i 
^ai Ci 1 1 ■mi cn^aeen, tliat wl»ie Eand-lnnkE ]iaT^ 
tig»B to Cgfn BBltmllT, it wooU be in t: 
pcCT M it ibeir eemtiaaei increase. All tbeir eflbrfs ai 
ton directed simplr to fix soch bank?' as maj e: 
poaitiooa where Ihcj are likelj to be the least iiy 
vbere anj additional acmnnolation may be easily n 
dredging. At the port of Cette, on the Frencb afaoTa 
Mediterranean, artificial means have been emploi 
provoke, aa it were, their deposition in certain posidi 
the reHult hitherto has been prohlematicol. It appe 
that the obgcirvalions of the Itahan engineers have le 
tn t)iQ conclutioii, that the best position for ports in U 
tUt Moilitcrrnneun, so far aa regai-ds their freedoil 
iJIUTial depoaila, is one in which a. uatural bay ma] 
without a river, or other cause of iuterfereuce i 
OUrr«it. Tim bny ehouhl also be placed i 
0))lH>ait«, not only to the littoral current, bnt also | 
<tf thtt l>r«vuU»g winds. 

<r«7 strikini; illuatraiiou^ of tin 




Ppodined b; die alloniMB set in motiao faj 
Bt^er ihey consist of sfain^, snd. or sill, ms; bs fanal 
iQ almost eceiT shore. On the coast of Eeat. t<n> dt&f 
entaliooa upon the oatUue of the land. U Roiunej Marah 
I Pegwell Bay, have been tHied in. On the cotst of 
ifolk, LoivfStoff Ness is also gndualtj gaining upon th« 
, from the deposition caased by an inlerfereueo with tho 
Igress of the shingle. In the Mediterraneeu, the ports of 
joes, Morlea, and of Frejus, from which the armies of SL 
via embarked, axe now f&r inland, and are only kept open 
' small vessels by means of coustaul dredging. The port 
Ostium, at the mouib of the Tiber, formed by Claudius 
i] repaired by Trajnnus, is now about three miles from the 
I. The laguues of Venice tend naturally to silt up, uid 
} only kept open by means of the artificiul chaimels uon- 
■Qcted for tho purpose of carrying the waters of the several 
■ers Brento, Bacheloae, Piave, and the Sile, more directly 
n ihe open sea of the Adriatic. Illusti-atious of llie 
i/iuus produced by the action of the wares may also be 
iirI on every shore; the reader who would desire to study 
is brand) of our subject more thoroughly is, however, 
ferred to Lyell a " Geology," and to De la Becho's " Geo- 
jical Observer" for further details. 

The materials detached from the cliffs undermined in this 
mner are rolled forward continually, and under the in- 
lencB of this friction they become comminuted at length 
a line sand. In some cases the sand, earth, aud broken 
ells deposited by the high spring tides are curried inland liy 
e wind, and advanee in waves nearly as strongly doflnod ai 
ose upon water. If any obstacle be offered to their progreH, 
ey accumulate to a vast height, and occasionally they aprtod 
er a great extent of land on either t>ide. Thus, in tlia Land«c 
Bordeaux, hillocks of sand are said to have been formed, 
:ainiog a height of about IGO feet; and the Mmd* advanced 
mirds the interior at the rate of about 33 feel per annuni, 
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1 firemontier commenosil lbs eeriea of Trorka 

porpose of iiting them which has contribated bo n 

imniorUhze bia name. In the imse of the Landei ef B 

dmuE. the pvogresa of the Band was accaleratwt I 

dryoesa of the atmosphere ; Imt upon our o«n coasts, h 

Poolfl Harbour, and on the French coasts, near Duukick, U 

rftin-fall, and perhaps also the presence of a coiiaideiatil* ' 

quantity of earlh in conjunction with the silicioiis fonHi. 

developB a peculiar vegetation which prevents the furdi'. 

progress of these downs, or dunes, as they are cb!I«i1 i'> 

Fiance and Betgiitm. The principal measures adoptoi 

! oonsisted in planting the sand reed (, 

1 distance of about 900 yards from 1 

For a. second zone, of about 1000 feet in width, he p 

creeping plants, brambles, heaths, 4c. ; and more inli 

distajice beyond the influence of the salt water, he p 

zQoe of fir trees. It appears, however, that the f 

^L luidea near the plains of Soulac and Thalais, on the si 

^M to the south of the Gironde, h&s produced i 

^B fSect in the action ef the sea upon the outline of t1 

^H 5Tie very incoherence of the sands appears to have prw 

^B their removal, seawards at least. 



Defence of Shor^g. 



The foregoing general abservationa upon the action tjj 
,he coasts, or works exposed to i 
necessary to a complete knowledge of the most ad^jj 
means to be adopted for their protection. Wilh r 
the defence of coasts, it follows, from what has l 
that the works to be executed must consist either of k 
^re able to break the force of the waves before they r 
shore ; or of such as are able to consolidate the shore B 
BQ as to enable it to resist more effectually the denudad 
^ jwoduced by the waves; or of such means as shall cause it 
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iinmlation of Band and shingie upon the fore ebors. 
.'\'?t: some circumstunces it may ba advisable to oombina 

litres deacriptions of works. 
' lie constmction of groins firmly connected with the 

■, and followjng a direction normal to that of the reign- 

iiinds in tempeEtuoua weatber, whether tliey be 8ub- 
i-il'le or not, would diminish the action of the i 

'■rularly if they he carried out so far 

ii>^ of cascade, which always takes pli 
from affecting the shore itself. In 
'11= of maaonry or 

■I r-framing. placed lilse 
iijiiarcB of fl choss- 

■li, liy causing the n-aves 

'ifL'ak seawards, may 



) prevent the 
1 their doT 




h Tcuce. On the coast 
iiiliand very successful 
lis have hpen obtained 
ue erection of wooden 
mig placed in apsrallel 
tjou to that of the 

' lit the line of low water. In soils susceptible of being 
;■. removed, however, it is indispensable to protect the 
Id dons of these groins by apron pieces. 
! !■) consolidation of a siiore must be performed in very dif- 
nt manners under different circumstances. If the natural 
I'iaEion above low-water mark, up to the extreme point 
heii by the waves during tempestuous weather, be abrupt, 
1 1 [probably he found more advantageous f o interpose a ver- 
iiall or defence, whether of masonry or of wood'Work. In 
farmer case the stones should he laid as headers, and the 
( parta coped with the largest stones it is possible to pro- 
viso laid as headers ; and it would be advisable to pave 
■listauce of some 8 or 10 feet beyoud the copi 
off effectually any water breaking over th( 



§z 



• mlt 




eml'ftiilinieiit bthig of earth with a bearling of faficin 

buudlus of reeds in eome cases, or with a facing o 

materials in ottiera. pi'utecled at the fuot bjf ruhbl 

1 Or, Bgniu, the v^bole of the emhankment may be i 

h or without any provision to break the fon 
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I Many instuuccs may be mentioued where the banlui 
ipolders are formed iu a manner similar to a coffer- 




BtrnnoRne oi^ 

ibeet piling, vith a loose rubble uproii at ihs foot, 
1 the poBitiotis nliere the scoiiring effecU of tiia M 

very great, with nn apron of solid maBoniy. 
(neral form of tbo sea defences of the plains near I 
is represented in the sketch fig. T. 

The retnarkabla saocesB of the dykea formed villi 
slopca upon the fore shore, in the manner of the Q 

» engineers, would eeem at first sight to be inexplicable 
principlea adopted in such cases as the one cited immedl 
tfter them be correct. But it happens in this i 
in BO many others to be encountered in engineering 
eircumstances seriously modify the application of J 
theoretical deductions. Unquestionably sea walls p»m 
a vertiool face to tfae action of the waves are more capi 
resisting their effort, provided ihe foundations he good, 
when they present a long inclined face ; because the 
in the latter instance, carried to a much greater heigl 
breaks with greater force upon the EheWing shore, thti 
its effort is destroyed by a resistance acting more dire 

Ioppoailion to its own. But the repercussion of Iha 
dashing against an obstacle of the description of a 1 
vail, creates so great a tendency to undermine its ft 
tions. that it appears demouetrated by experience 
only resist when placed at such a depth as to be belt 
usual range of disturbance by the waves, or upon thf 
dition of repairing them constantly. If a coast, thi 
fl bathed by deep water, and present steep escarpraeol 
works erected for its defence, as before stated, ahoi 
Tertical ; if the fore shore should present a long gIo] 
works erected for the protect' n f b I nd mast ba a 
continuation of it, adopting b m inclinati 

embankments in stiff clay 10 h aeolin heigl 
J in loose fine sand as much as ms h ght. 

L It is important to observe ba wh form be gi 

^^ tho embankment, its crown m b m d above the 1 
^BjAe sea during tJie most disturbed periods; fijr tbe 
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Bg OTSi- the crown softena and carries away the backiag, 
uth-wor]i especially, and gives lise to settloments of & 
Rgeroua character. 

tag to some local consideratious. it may occasionally be 
Bble not to form the elope of the emhankment with so 
Ebase. In such cases it will be necessary to protect it 
racing, the materials of which will be regulated upon 
Iple ground of economy. They may he either of car- 
I of fascines, reeds, or of stone pitching; the most 
Bnt element in the decision of the question being, that 
nntGiiaiice should be assured, without danger of id- 
bod. The portion of the pitching or facing corre- 
hg with the plane of the half-tides requires to be 
Biened, because it is about that height that the ivavea 
Bents exercise their greatest power. Moreover, as the 
I of an embankment can only he depended upon when 
pipdad upon a rock or upon some stratum able to 
Bie aotion of the sea ; and as the inclination of the 
wire always depends upon the contlguration of the 
und the inequalities and nature of the soil in which it 
fed, it becomes indispensable that all the variable cotflii- 
tese are likely to assume should be carefully examiued 
BOffimencing such works. 

B the shores batliod by currents canning much alluvial 
|U is possible to retain this by means of groins raised 
Bie high-ivater line, or by shingle traps, or by groins 
Kble at half tide. The effect of these constructions 
ferecisely analogous to that of the supposed obstacle to 
bard movement of alluvions before described; the 
Bwill be accumulated on the up side of the groin (that 
■( in a direction meeting that of the current) until it 
■d is the angle. It will then pass round the point 
nmulate in the still water behind the groin on the 
Be. A curious effect is, however, often produced by 
Btioii of those works, viz., that the corrosion of the 
bkea place with greater violence beyond the 




|cfU,MJ at tfco ■ 

' I wt iMTisg tfaca. T* c 
lilrilb sac^ works, it Iwmhc^ 
wbM at I«iglli upon llw g 
I of pons to ninA tbej brm i 
aiQiitictB. 

It b Diual U> dcsignale hyibe tCTm"port~ftB[«eeii(l 
1 fiounivtioii vilh the sea. of Tariable dimensions, ■ 
pptti* eJlher ransUnt or viuiable, in which slupa ma; o| 
inr fniiii tempests or from an enemy, repair any A 
' niuy liuvo received, or discharge and replace | 
tggotu. Such portH Taaj be either upou die immedial 

If lit homo diBttince from the mouth of a rirer. \ 
muir, again, uiay either possess a bread expanse of abell 
I, or, ai Ihey are culled, roads ; or they may be p 
hjirotoctcil open chores, Roods also mny be i 
MIIIcIhI, open or xiicltered, according to the eoni 
J Ilia cout, and of Iho bed of the sen in the i 

mder coiiflidcralton. But of vrbatever d» 
Iwj may lip, their ulilily muiiilj depetids upon their pi 
Buffloiont depth of water for a vessel to ride at a 
y limo of tlie tides; nhilst the bottom must be ^ 
y firm to iillow the anchors to hold in a storm. 
.eTiient access, they facilitate corann 
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kUhig Btations where vessels may vsit for orden, or 
ly ma; wtut for the winds or tides requisite to rarr; 
barbour. 

wds and ports moy be further subclassified into 

toat tides and those with tides, according as thej 

ttn&ted upon waters affected or not by that fieroi- 

Sqnality. The ports npon the ^lediterranean. iho 

E«xico, the Caspian, and the great fresh-water lakes, 

bnsidered as of the former class; those upon llio 

'the ocean as of the latter. Practically, also, the 

vbich roads and ports are specially eppropriated 

b a, further separation into the respective classes of 

■1 and military. 

variable degree in which harbours are affected by the 

rodnees a marked difference in the influence of roads 

Kiir utility. For if tlie interior of the harboui-s should 

a sufficient depth of water at low tides to allow 

enter, evidently it will be nocessary that these 

until a favourable moment should arrive, and this 

be effected in a road close to the mouth of the 

As the larger class of vessels are not constructed 

to ground, as it is called, or to lie high and dry 

intervals of the tides, it becomes necessary to 

[floating docks to receive them in all ports so cir- 



ility of roads, whether open or sbeltered. must. of 

depend upon the number of vessels they are able to 

lodale. Sufficient space must be left round each vessel 

r of its swinging upon its anchor, according to the 

inds or the tides, without its being exposed 

r other vessel. It is usual to calcolalo upon u 

3 cables' length for ships of war, and of about 

idius for merchant vessels. 

nst of the great space thus required, roads cannot 

■ formed by artificial means; they must f 

aore or less perfect state. It is. hoiq 
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possible to iraprove ench as may exist, bj (he Ronsl 
lireakwaters or of jetties, so as to shelter any portia 

to the violRnt action of storras; or by ilredging mj 
inoreasfl the available surfaco for auchorage, Th( 
Plj-mouth, Cherbourg, Cette, and at the mouth o| 
laware in tho United States, may be cited as illna 
vhat has been done to create an artificial shelter; 
[wrt of Nieune Biep, <)Tt tho Zuiderzee, and (^ 
may illustrate the inethoda eniplojed to clear a 
existing roadstead. There were, hoirefer, some pe 
attached to the amelioration of the port of Niei 
which require to be noticed hereafter a li tile in deta 

The moat advantagenus situation for a port is i 
Iremity of a roadstead, especially if the channel of 
oation assumes a tortuous form. Should tins not b« 
it will be necessary to construct piers, jetties, or 
destroy the undoiationa communicated by the open i 
also of vital importance for the security of a pO] 
should be surrounded by high lands on the in 
guaraotee vessels from the efTects of the ^finds hltf 
that direction. 

As the piers at the mouths of havboura are constn 
» view to facilitate the manceuvres of vessels, ii 
preferable to make greater provisions to assist tl 
than their departure. A vessel in harbour can si 
for favourable weather; whilst those coming in from 
sea may often be driven in by stress of weather. £ 
harbours, also, it is necessary to place the piers ao 
may coincide witli the direction of the curreiita, mi 
manner that the ships should not be carried Bg^ 
whilst passing to the interior. Of course this precfl 
require to be observed in tidelesa harbours, if at^ 
mnrked littoral current should e)dst ; but it is qf in(K 

portance where the currents f!ow in altemats | 

~ ' J they are permaneat. It is to be obHSf 
vtt the manner in which vessels are towed 




»r of a. port will influence the form of the piers to a 
tent. Because if the vessels are towed in by men, 
jn by a, rope, the piers must be cftrried out ho frar 
should be able to make their first tack without 
in the opposite side ; whilst if the vessels be towed 
jamers, the extension of tlie piers need only be 
by the necessity for protecting the entry of the 
)in the effects of the currents, 
oonstmcting any pier or jetty, it is essential to study 
lent of the alluvions upon the coast upon which 
) be placed. They frequently produce the effect 
iiibed as attached to other projections upon the 
t is to say, they give rise to depositions of shingle 
susceptible of diminishing the depth of water at 
:e, or even of accumulating silt in the harbour to 
Etent as tji close it entirely. 

shores of the Mediterranean this tendency of jetties 
the silting up of hiirbours is so strongly marked, 
heen observed so long, that the ancient Romans 
. peculiar construction with a view to obvialo it. 
i their moles, in fact, in a series' of piers and arches, 
^ open spaces of which the Ben passed, without 
figitation or its littoral current, Vauban appears 
onsidered this mode of construction to have been 
tdvisable in similar positions, and of late years one 
it distinguished Neapolitan engineers, M. Fazio, 
ii the attention of the profession to the subject in a 
igular merit, entitled "Disoorse tre ititorno 
I Bifiteraa di Costruzione de' Porti." Napoli, 1838, 
ho recommended is represented in the acoom, 
letcb : but it is far from being demonstrated that 
obtained upon the Neapolitan shore would bo 
others. Open moles do, indeed, allow the littoral 
set partially; but the feeble portion which remains 
le alluvions when the sea is sufficit 
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■ ^TBe eea appears to be necessary to majntmn tt 

1 water. It follows, therefore, that tlie mora sS 

1 open moles ahelter ihe interior of ihe liarboor, ih 

are Uiey to produce the desired object of preveati 

bocotning stUed up, 

During ibe last century, and even in many cm 
. present day, the means resorted to for ob^iatinj tb 
shoaling of harbours was to construct artifidd ix 
wiih sluice gates. But, however powerful they dm 
results obtfticed by tliem are always unsalisfactoi; 
the sand nr eitt removed by them is invariably Ihn 
at a short distance from the poiut where the sireani 
sluice has it^ velocity destroyed by that of the littord 
at which point a bar will be fonoed, usually acroai tl 
of the harbour. The history of such ports as Dov« 
stone, Newbaven, Fecamp, Bi'ighton, Dieppe, HS 

combating the tendency to fill up indentations on th 
of a coast situated upon the line of advance of allui 
in motion by a strong littoral tide. But at Nieuw« 

so as to obtain at the same time the benefit of the 

power of tlie tides, succeeded in forraiiig and maJal 

^new channel to a natural harbour through what p 

Hnns a very extensive sand-bank. In all these nBHft 
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{ the action of Daturul (onuses that Buccess can be 
tho few artificial means at our disposal are power- 
the operations of nature. 

iench ports, so strongly does the conviction of the 
'sluicing prevail, that the engineers have almost 
aodoned it. Their efforts are now directed to 
t of shingle annually brought in, and to 
by dredging in the most economical manner; 
to deposit the ailt in such positions as shall not 
brought back into the harbour. 




JProvinces could 

^elter from the 

S floating ice which render that part of the coast so 

Owint«r. A shallow pass existed between the land 

Eslland and a sand-banlt, called the Zuid Wal, which 

) Zuiderzee from the Tesel, aud converted the 

^ a secure roadstead ; but the depth of water in the 

ply abont from 12 to 13 feet deep at high water. 

I of the proposed operations reudered the use of 

; machinery known at the epoch (1781) iuap- 

Chevnlier Bruuinga therefore adopted the 

fdii'ecting the flow of the lii^o-wave between a 

fckea, so as to concentrate its action upon those 

t the pass where it was desired to obtain t^ 
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tu cftlier dtfMtiMi ■! oertsin pmodi iif As tU 
(lonioM 'yif ibf! U4 of ib« {«•< «bidi ««■ aol t 
lUMtortd l<j Ui« anion of tlie cnrnmt. were 
■|MK!iM) of harroir, or ilreilg«'l. Die lesolu pi 
work* iten •iiich tliHt in the year ITQJ Ow ilepUi o| 
tliM jiiUii* WNJi tiot l'«ii than from M to 33 feet, ut4 
|mrt« ON inuuli lu 40 fuel, at tbe Ion tides ; aod ao 
hml iU«j boon exenutod tliat tha total cost bad not 
lltii.WM. &iibN«qiiently iho liosin was constructed, 
itHdar tliu RLivai'tiiiiGnt of Nupoleon and of tbe lftt« 
lIulUllil, tho luwn ut Niouwo Diep ban coaLinualljr 
ill liniioi'tauno. 

lldVflrlliiH to lliti f'ORHidomtioiis oiTeoting the [|i 
)iUn iir j«tli«!i| lliey ^viU be found to depend 
riilliivvlHti K^iitnil v^mdiiions: — tho directioD of the 
wlmU, <>r ilid uunvnia. ond upon ibo progress of tbg 
iht d»)>(lt i^ <)>«> »»•• Ibo ^i■e iul«ud<:d to bo 0^1 
ml lh<> ohtuv^'ter of vt>sscU ibe latter is i| 
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I together with the neceaBity for facilitatiug the entry 

The caplaiiis and pilots frequenting the port 

ies nho are most likely to possess Rccurate 

a upon these points; but, in addition to this, it is 

^ble to hnve souudings taken not ouly on the ira- 

feite of the proposed jetty, hut also to a considerahle 

y bar exist. 

t placed at an angle of 13° with the direction of the 
priod, is usually fouud to afford the greatest facilities 
piaDceuvres of shipping. The length need hardly 
3 extreme low-water line, althougli unquestionably 
L would be safer if the jetty were carried further out. 
r, however, that the advautags thus gained 
TOsate for the inoreaaed expense of e:(ecuting the 
r water. 

Bjettiee be required, it is advisable to make the one 

tely under the prevailing wind longer than the other; 

p are circurastnnces which may materially modify the 

1 of this rule, or even reverse it entirely. Thus, 

baercifll port of Cherbourg has the windward jetty 

Q ihe leeward, for the following reasons : — the port 

Y resorted to as a. refuge in stormy weather, and 

IB upon this coast come principally from the west, 

re unfavourable for vessels standing down than for 

iding vp the Channel : heeauae the lalter can either 

i; make a port further east ; whilst Cherbourg itself 

i poet of refuge vessels standing down channel, on 

shore, can make. The port is therefore used 

f Ly outward-hound vessels, and directly the wind 

9 ^ost all those in the harbour leave as rapidly as 

t is customary to perform the hauling by men, 

s the vessels out so lar that they shall be able to 

; tack clear of the western jetty ; the eastern, 

L jetty, therefore, has been carried out beyond it, in 

I WO or three vessels may leave at the same time. 




» haefc cnmaL The latgtk to be pvm i» Aa|l 
ttedm k« dwided ^7 cmndoEUns I I j 1 lig 



TW dJ^pMhion cf jetties, io pbn. is « point l| 
great fiTontj of opinioii cdsis sm 
MO* rrmiiiii it appnn liesiTabl^ to consttoct || 
Cttrred panllel lines, until near the extr 
convex tide tamed bnrards the direction of tl 
Ihe aUnrioos. In this esse the scouring a 
frmn the inuer harbour, nbcther prodoced | 
simply by the tidal action, will be mt 
bar which usually forma at the head of the i 
the centrifogal force of the water deflected from i 
aide. MoreoTer, this disposition is more favourable fi 
protection of the interior of the harbour from t hft'^ 
^the wind 

But if the jetties be executed in emooth d 
^Ihe tranemisBion of the waves takes place ^ 
btenstty. The Remana appear to have noticed ( 
f all the old ports of the Mediten^aneau ha\ 
■fcrm, and it has evidently been an ohjeot with their ei 
avoid joining the several straight lines by curves 61 
[ha nugles. On the other bnnd, it ^ras noticed ii 
Bllvre that ibe \vave3 were reflected froi 
Rfef tlie jollies, which were constructed of this polygti 
JtiaA the mmircuTres of the vessels were much inipedall 
HtUtHUt t'liHiigo iu tlic direction of the waves thu§ 
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tsible improvement in 

qaillity of tlie outer har- 

3 been produced by the 

tion of an open timber I 

ter, backed by a shelving 

f masonry, upon which 

'68, whether driveu in 

merely reflected 

■oppoaite jetty, Jose a 

a of their power, A 

btem had previously 

I at the entry of the 

ieppe (aee shetch in 

< likewise it met c 

perable success. 

^th usually given to ' 

een the jetties 

mtrance of a harbour is 

ich shall be sufficient to 

be passage of three of 

b ships frequenting it, 

^ and at the same time. 

a may vary between 

UO feet, according to 

f the ships and to the 

(the sluices. At the 

1 the width should bo 

because the ships 

room to perform 

s whilst under the 

Lpf the way they carry . 

S open sea, than when 

\ fbllowed the narrow 

time. The introduction of steam-tugs I 
a greater width of channel than was roquiied luuli 
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The roadway ctt the jettias shoald L« finished ( 
height mffieirat lo giunntee the incn pmplojed ape 
flora the efiecta of the eea ia ordimirj states of the « 
From 1 lo fi feet nbove high wuur spring t 
satEci«nt; but the exiremitT, or the head, mast bfl |l 
about 2 feet higher than th« remaialDg porliun. Thii \^ 
(rr extreme enda, maj be ereuteil with a width at < 
' from 37 to 3A or 40 feet ; nhiUt the intermediate p 
I var; from 7 to '.itO fe«t, acoordiag In the materials enjilj 
'when the jettiea are iu wood, the smaller dimet 
employed ; etone jetties are yery rarely r 
12 feet Vfide upon the liue of the puyement. 

The form to be giveu to tlie transverse section of ajl 
regulated bj the nature of the materials employed 1 
construetieti, as much as by the dynamical effect of the nl 
The materials may be either wood, louse rubble-Sttf 
solid masoQty bedded in mortar. 
■ Wooden jetties may be eji- 
[ tirely open, or £Ued in with 
rubble either entirely or 
partially ; or occasionally they 
are placed upon the crown of 
a subsidiary jetty, finisbin 
a point below the liigh-wator , 
line, wbicU is executed in 
rabble masonry or loose 

Btoues. The lower port of the majority of wooden Jell^ 
howevsr, covered either by a mass of concrete, o 
Btones. or of fascines, dressed with slopes both to t 
Ward and the inside of the harbour, forming a kind ol 
nhich serves to defend the foundations. 

The frames of such jetties are piaced at distances s] 
fVom K lo H.) feet, ueeording to the depth of ^ 
the habitual agitation of the position in vhich i 
to ba placed. They are made in the form of a 
"lO inclined sides being respectively turned towards H 
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ijj the open aea, and forming ■with the lertical line an 

of fi-ota 13° to 33^. The timbers consist of two or 

liosEs, tied together by horizonlal clipping pieces, with 

4 atrats or braces, forming with the horizontal ties 

'om of tnaugles. Walee, cills, and heads lie these 

ite frames together longitudinally. In the beat works 

., descripiioo lately executed, all llie joints are made by 

. ':l^' and bolting, for it is found that the continual motion 

r.o waves causes the tenons to worlt in the mortices 

i.ver that style of joint is used, and that there is no 

liul way of remedying the loosening thus produced; 

., if the joints be halved and bolted, they may bo 

.lied up by screwiug the bulta, should they have vroru. 

I he wood-work should be tarred, and precautions must be 

: to defend it from the attacks of the boring woims, 

ravages will be noticed hereafter. 

upper Bills carry joists, upon ^vhicIl is laid a planking, 

iy from -1 to 5 inches thick, and with spaces of about 

1^ inch wide b^tn'een each plonk, to allow of the 

■ of any water breaking over them. The planks are 
I down to the joists, and a species of bridging or tying- 

joist i£ bolted upon their extremities to the sill resting 

■ liately upon the framework. 

iL'ij the jetties are filled in with rubble-stone, the cases 

iiiiu the latter are formed by close boards, laid horizou- 

:jgajuBt the upright posts. The interior is filled in 

iiuea with, shingle, sand, or clay, as well as with stone, 

■ In.' recent application of PortlaLid cement concrete in the 

iiiou gf such works appears likely to exercise impor- 

L'Secte upon this branch of constructiou. The beat 

liau fur the horhtoutol planking appears to bo upon the 

ft of the posts, because, althougli when it is placed upon 

B it resjsta the thrust of tlie materials inclosed more 

b, it wi'i. on the contrary, when on the outside, 

a aetioi! of the waves upon the framing to a greater 

frn the latter position also the planking can be more 
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^^^^^ Subijctarrs of ^^^^^^H 

^^KKptired, and no asperities are offered able to ^M 
be affecUd bj an; ressels which may rub against ll>^| 
in passing. Il is a ver>' imporuul rule to be ^H 
in all coDstructions cooQected with piers or q)iK|^| 
no essential parts of the framing be expoeed to tluaH 
of vosaels either passing or stationary ; 'wherever ^H 
a possibility of any occurrence of this description, iti^| 
able to place a fining to protect the penuaneut work.^| 

In modem jetties the frames are made distinct ^H 
piles or other portions of the wood-work in or i^M 
ground. There is great difficulty, in fact, in dnv^f 
regularity such long pUes as would be able to reot^f 
fiooring ; and it is veiy easy to place the whole of on^l 
previously-prepared frames of the upper structoie "^M 
foundations during the internal between two consecuti^l 
The supposed advantage to tbe solidity of the s^| 
in consequence of the posts being identical villi ^^M 
it may also be obaeri-ed, soou ceases to exist ; lor ^^1 
time the destruction of the wood from the altani^| 
dryness and wetness, or from the attacks of tll^| 
render it nccessaiy to replace portions of the worit.' ^M 

It has been observed that piles driven into thaa^l 
ere rapidly laid bare by the shock of the vrave^H 
ground-swell acts upon the bed of the sea, and ^M 
produces a conical depression round the head of ^H 
whose depth may sometimes become as miU3h as &1^| 
3 feet in a tide. These depressions extend on B^| 
so that the piles are often laid bare for a considersblD^I 
and to obviate this danger it is usual either to &11 in |H 
the pile-heads with concrete or with sione rnbble," 
Holland, to place a matting of fascines loaded with ml 
through which the piles are subsequently driven. 

The advantages olfered by wooden jetties may bo s' 
to consist in tlie fact that they are rapidly and econiniii 
constructed; the disadvantages they present consist, ji 
frequency and cost of their repairs, and also tbi 
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i effectually guarantee the iuterior of the harbour 1 
littoral currents if totally or partially open, no 
lestroy the agitation of the waves. It is on this! 
; that ia many ports the system of partial filling! 
ken resorteil to, and the practice usually followed ia,.r 
r up the filling to tJie level of high spring-tides i 
Qsed situations, or only to that of the high neap-- 1 
^ others. 

i jetties are executed either with a hearting of ruhhlsfl 
r or of concrete cased with ashlar, or with an em- 
knt of earthwork cased by external walls tied together 
1 walls, which form, in fact, so many separate com- i 
: or even occasionally of loose rubble. In 




I however the inner face towards the ] 

wbour 13 executed iq coursed masonry with b 

r nearly vertical face in order not to interfeie 

I absolutely 11 ecessai'j ivith the waterway Telfoid I 

) innumerable \anetiea in the methods of bedding I 

pdiDg the masoiiiy for these various desLiiptiotia tf I 

Abut there does not appear to eiist anv ncLesaity for I 

uig other rules in their constructiou than wiU bu found 

Numerated hereafter 

In positions where it la easy t* obtain largo sIji 

, iiro to resist the action of a ea water it is prefeiible to J 
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"!<> jetties with ashlar failings, and, generally speaking, 
II in between tboiii with rubble maBoury or coocrete. 
jili^l face, V0 have already seen, destroys the violence I 
!' waves with greater rapidity and more efiectually than 

■ ■■■J, slope, such OS every loose rubble jetty must aasume, 

lidd that it be constructed of a sufficient dimension ; 

■I iviiii the requisite conditions of bonding together the 
PiL-ral parts, a wall of suoh a profile will require leas repair 
liRn a mere heap of email materials, each of nhioh is 
uaceptible of being displaced in a storm. Tbe largest 
tonea which can be obtained ought to be used, especially at 
tie height corresponding with the greatest agitation of the 
'4ves, and for the upper courses ; horizontal bonding courses 
tioald be mtroduced at regular intervals, with plugs or dowels • 
nmecting the several stones, and the upper surface of the fill- | 
ig in muBt be carefully paved bo &b to throw off any rain or ' 
Sa-iiuler falling upon it. The example given on the oppo- 
ite page will illustrate the most theoretically perfect mode of 
Scenting such works; it is copied from the southern jetty of 
lie port of Havre, which is exposed to very violent storms , 
1 winter, and in alt times to a powerful littoral current. I 

When the Interior of the jetty ia filled with earthwork, it I 
! necessary to place tbe counterforts tying the walls together I 
'i-tancea varying from 16 to i5 feet in the clear, making 
■ciuntorforts from to 10 feet wide. The tliicliness of 
retaining wall must exceed that absolutely required, to 1 
iiasure a resistance to the thrust of the embankment under 
WditiRry circumstances, because the action of the waves 
-Imuges very materially their conditions of stability. The 

■ t important precaution to be taken ia to pave the top 
- elTeotually to remove any water falhng upon it. The 
lalion to be given to the walla may vary from 1 in 4 
in 8; perhaps the latter is preferable as a general rule. 

: "tome positions tlie progress of the shingle is found to 
< ISC an important and very destructive eflect upon thb i 
projecting wilbiu its line, in consoquence of its friction J 
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upon the stonework. De Cessart recommended that ti 
ing of planlia from 3 to 4 incies thick te placed rouna 
portions exposed to this altrasiou, and that they i' 
be uoiled tu horizonlal nhallnga let into the i 





If tlie use of such boarding te objected to it \\ill ben 
Bttry to execute the portion thua rubbed Ij the shi 
granite and under any iin,umstancLS to avoid the n 
soft argillnceoua or I'^icareous stonea. 

The foundations of jetties should be executed ii 
substantial manner possible, and eilher ujion a general fa 
concrete, or upon a. platform laid upon piles and s 
f%fj sheet piling : if the subsoil be of a nature easily n 
1:^ tlie reperctission of the waves or the action of the a 
■ it maj also be necessary to coustmcC a wide aprQD,| 
L nmilar manner to the one executed at Havre, repre 
Llfae fig. at page SS. These aprons are n 

iquired at the head of the jcttieg, wl<ure the gronod-l 
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■ greatest; ami Ihey should be carried dovni as low a 
le, the upper snrface having either a slope or a carva-l 
nvards the open sea, so as to decompoGe the sbock ofl 
Ives hreaking on it. 

Be extremity of the pier he carried out far into tho 1 
I that the foundations be below the lonest tides, it I 
I found almost impossible to execute them in a cofTer- 
■be modes hitherto employed uuder such circuni- 
I have beeu to construct them of loose mbble'Stoos 
ftie low-water mark, as in tlie cases of the piers at I 
fan erected by Telford, or of those at Honfleur; i 
I that portion with concrete, or with masonry sunk in J 

(loose rubble foundations answer in positions nhera 

I no danger of the substrata on which ihey repose 

iTed, and when the passing current carries a 

Sit quantity of mud or sand to fill up the interstices 

t£e stones. Works of this description, if executed in I 

pahlv deep water, assume the profile upon a line of direo- 




» prei^iug wind, which may be thus described : — 
in the part situated below the usual 
iLo slope of tlie materials, as they , 
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armtgt ttwmsdvM Mlunllj. vill be taUnUj tl 
«bonl 1 1 ti> a. Id Um »ms exposed l« ths aei 
wmum U bocomH nbuut 6 to II; and tke itatat • 
ifl of course protected hj the other, assumes Ute fi 
I to U. TliQ lower *lope, or ihe one lieneatb tba 
ibe wavea. is. howevtir, the aaly oaa wbicfa bu tnj 
In apeak : and it is algo to bo ubserreJ, that in ahkl) 
the ground-swell appears to destroy it eveu in (bit 
aod to give rue to ooustant obonges in the QQtU 
insUnce, el rubble jetty executed upon a ledgs, < 
Hoyard, in the ruada of Aix. on the weslem i 
FroDOe, WAS continually uudermined nt the foot, llUl 
foundations were placed at 1 1 feet belnw low-water 
b therefore necessary to cover the smaller itODOSi 
the body of sutb jetties is composed, witb blocks 
siderabls dimeuiiona at tbe feet, and Also in tho ZotlW 
tu the action of tbe wavea. The immediate positil 
intended jetty should also be covered entirely by 
concrete, executed after a sufficient lime has been 
allow the subsidence of tbe rubble to tahe its full e: 
the masonry elevated upon this concrete. Tho sketll 
preceding page, represeutiug the jetty of Honflea 
mouth of the Beine, will illuatrate this constructioi]. 

When the foundfitiona are executed in concrete, ( 
ual edges should be protected by sheet piling, and p 
must be taken to prevent their heiug undermine 
surface of the place intended to receive the concreta 
cleared of any alluvial mud or peat, and as far a^ 
of any compressible substratum. Cut tlia most i 
condition for ensuring the permaueuce of this desc 
work is, that the lime or cement used bo of a d 
to resist the chemical effects of the soa-water, 

Smeaton cieoutod tbe foundations of the Ram^ 
hour in uBiBBona, sunk afterwards upon beds previi 
ipand to receive them by means of the diving-b 
" " ra are carried out about 300 feet npon a chalk; U 
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ing from 8 to 10 fsot below low-water mark of 
The caisaoua were about 10 feet wide, nud 
meaBured perpendicutarl; to tlie axis of the 
heavy storms which blow upon thia part of iha 
the a.E. moved the 
the superincumbent maao 
tirelj in loose rubble work 
lUy conatnicted for the 
deilrojiog the force of 
lithout its beiug intended 
e for the purpose 
the manceovrea of veHsels 
departing. Suoh a mode 
Ion may ho advisable when 
materials ere easily pro- 
nhen skilled labour is ex- 
par; hut, 03 a geuertU rule. 
uiid that the ultimate ex- 
ill te nance of auch 
than counterha- 
iconomy in the original 
Iferd has, however, exe- 
tl jetties in this manner, 

. illiiBtratioii from the 
I of the Kingstown Uar 
cted. Ill other cases, as 
ad, he made the inner 
I vertioal faoe of dressed 
nt it is to be remarked, 

lions on which that emi- 

r resorted to thia mode 

m were decidedly exeep- 

a usual course, and that 

was economioally pos- 
ecute jetties in coursed 
resorted to that ay at em. 




Ill ndditioi! lo lite inlerferenue with the trai 
naves iulo the interior of harbours offered by th 
disposition of the jetdes, or hj- the breakwaterB 
Bcriled, that objent is eomelimes effected by meai 
projecliug from the inner face of the jetties int 
hours. This is a system otily to be resorted lo i 
ordinary ocMsions ; for, as the spurs project into 
line of the ohannel, vessels entering the harbour 
sionaUj be forced to go through manoeuvres atU 
considerable danger. The practice of engineen 
yeai's, bos certainly been to avoid any kind of derl 
the regularity of outline of harbours for this ret 
submersible jetties, formerly constructed in proli 
the principal ones, or more frequently of the lee' 
have nko been abandoned. Indeed it was found th 
were covered at high tide, they became Uttls 
sunken reefs in the course of vessels entering, 
rise frequently to serious complications of tho 
curreuta of the port. 

In the above remarks upon the construction of 
or piers at the entry of harboui's, it has been asi 
the roadstead was sufQciontly sheltered to allow thf 
of a port, without the necessity for the execu^ 
works in the roads themselves. This, Iiowev< 
always tho case, and, us was before said, the fo 
a breakvrater is sometimes necessary to secure the < 
of the roads. Plymouth, Cherbourg, Cette, and 
tho mouth of the Delaware, Imve been cited as il 
of this species of construction, and they offer 
differences of priitcijile oven to require a somewht 
examination. A notice of the breakwater of tl 
Eufialo, on Lake Erie, is added, for the purposa c 
the methods adopted by the American enginsel 
may really be called their fresh-water seas. 

Tho " Digue " of Cherbourg, the first in chi 
order and in size, is miquestionably one of tl 
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^^■l gigantii; ^vorks executed by mmi. lis total length 
^^K 4130 jarda, aud it coneiets of two arms, reepec- 
^^Bll aud 1079 yards long, forming at their junction 
^^Hb salient angle towards the open sea of about 169°, 
^^B average depth of water, at high Epring tides, of 
^^B feet The foundations for a circular hattery, 
^^^in diameter, have been prepared at the east end, 
^^■lie west end, for a similar fort of 1S4 feet in 
^^^K whUst at the point of junction of the two arms, 
^^HSationa have been laid for a fort of about 640 feet 
^^Kpmsnt. The width of the passes between the 
^^Bbs of the digue and the main land, at the points 
^^Hrtificfttions (crossing their fires nitb those of the 
^^H forts on the digue) are erected, is respectively 
^^Hl SStS yards. The area sheltered by this work 
^^BBqaal to 1027 English acres at low tides; but of 
^^B more than 600 acres have a depth of 27 feet 
^^HowesC tides. Of this deep-water surface it also 
^^^Hiat nearly two-thirds are exposed to the unbroken 
^^H«f the ocean daring the winter months, so that 
^^Hi roads of Cherbourg, notwithstanding the immense 
^^H^e diguQ, can hardly be said to be able to shelter 
^^Bn from 25 to 30 sail of the line, inasmuch as 
^^Kel requires from about S| to 10 acres superficial 
^^H freely upon its anchors. In the shallower parts 
^Hbiads, an equal number of frigates could be made 
H» in safety. 

rhe original intention in constrnctlng the digue was, that 

should be submersible at one-third of the rising tide. 

- luEcntion was subsequently abandonod, and the height . 

imposed to bo at different periods, firstly, that of the 

It y spring tides, then 10 feot above that line, and finally 

i hial height of 13 feet inches was adopted. The 

'i No. 1 overleaf will represent the normal section 

iH'j digae ; the sketches Nos. 2, 3, and 4, are introduced 

|_the modificotioas of tho profile superhiduced by the 
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|.af BonitrwtMB. n^ of tbc McMwite wbA htp- 

jev 1780, slm De Comt 

owrful ^tOB ef mnldngian 

miy, op to the jreu IMO, Since ihu ponod 

I of Um iqwigltt van bu been coDtianed, 

g interraptfid bj- ui; acdAeat lAach slioold Ie«d 

a of Um tjsleta. Soms wdoos settlementa 

1 plwM, from the une^o*! eompresaoo of tlie new 

^ aoider the enonnoos preseure of the upper vail ; 

' ftlso the older porlioDs of the digiie may 

II eiinilarlj disturbed. Al any rate, the whole mtaa 

T ubble has been conaiderabij compreegcd, for tLe 

^en obsen-ed to ^ink througbout its leugth about 

Kiba average, the movement taking place vitli cou- 

(spidit; the firet year, and dimiDifihing gradual)/ 

ft second and third, whilst it is barely perceptible iu 

This result ought not, however, to excite aur- 

tba stones used iu the body of the rubble tnrli 

Egrmtl7 increased a volume beyond thoit natunl 
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t oiie whilst in the qoarty, that t)ieir bulk in tbe digon 
I compression is lo lliat they previously- occupied as iM 
I The result of the compressioQ has lieeii to producofl 
north itad south faces of the vertic-al mill a series of ■ 
larities and curved lines, Loth in a. horizontal and s ■ 
direction. The maximum deviation of the former ial 
have a chord of about 730 feet, with ft versed sine of IT m 
of the latter, the chord is about 2000 feet, and ihtM 
sine 31 inches; and iu some instances the cracka n 
duced in the masonry extended to such a degree aa tol 
the demolition of parts of tbe wall, together iiitli wM 
tions of the heights of tbe next following courses, jfl 
to secure horizontalit; in tbe beds. As the paits vtiaM 
been subject to these settlements have now for Severn 
isted the effects of tbe heaviest storms, they m^ fl 
be considered not to endanger the solidity of the work ;9 
all events they must be regarded as inevitably attaohofl 
mode of construction of the body of the digue, vik., H 
stone rubble left to arrange itself. I 

Tbe breakwater of Plymouth is formed in a bay alfl 
' on three sides by land rising to a considerable belfjfl 
only open to the south. Several banks, or natnral ■ 
rocks, exist, between which and the shore there weifl 
principal passes towards the east, the west, and in tliM 
The breakwater is erected upon the hanks sitaafl 
arest to the interior of the harbour, and closes tlul 
pnssnge ; the banlu situated more towards tbe oJ 
ser\'e to break the fury of tbe waves before theS 
upon tbe breakwater. ■ 

The main body of the breakwater is placed pGr» 
larly to Ibe S.S.E., from which quarter the severestB 
assail the Plymouth Pioads. The total length is ITOd 
of which the rectilineal central part occupies lOOOT 
and the two arms, forming on eitlier side angles ofl 
Liafi" with the center, occupy respectively 350 'n||U 
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nrfiuw of nbout 1130 acres is, by means of this work, 
, cd available for large vessels. 

finally it was intended lo make tlie widtli of the top of 

: reakwater only 1 1 yurds. and Uial of the bottom aboat 

rds; l)ut during the execution of tbe works, the width 

.; top has been increased to 15 yards, and that of the 

. i:ii to 133 yards. At the level of the low water at 

i:.: tides, a set-off 33 yards in width is formed, and tho 

' < from, this point upwards, on the Eea aide, are paved 

lurgG atones, 4 feet by 3 feet 6 inches, by about 8 feet 

.. laid wiih an inclination of 5 base to 1 height and 

lO'l in Bomau cement; and it is proposed to continue 

paving below the lowest water line by means of the 

. 'i^-bell. Tiio height of the crown of the breakwater is 

; 2 feet above the level of high spring tides. 

-I uppeai's to he beyond question that the long slope of the 

Kioutb Breakwater is less exposed to be iiijured by the 

■. bbocka of (he sea (hau the vertical wall of the Cherbourg 

:.'i!i>; but at the same time it is equally beyond question, 

: ibe latter destroys far more effectually the agitation and 

luktion of the open sea, and offers it greater resistance to 

.r trausmission into the inner harbour, because the waves 

I'lyraouth Sound during violent storms break over the 

I'l.^, whilst at Cherbourg all their effect is destroyed by 

hhII. In tho latter case, however, the descending motion 

ilie return wave is raatorinlly interfered with. Tho 

in'a.1 wall at the top of the long slope transforms i 

I, into a horizontal motion, whose velocity is highly danger- 

td the stability of tbe foundation of the wall. It is also 

"i that the large blocks of stone detached from the outer 

■"ii are driven against the enter face of tbe wall with 

' 'liwrdinary violence during great storms, whilst upon the 

loog pBvod face of tho Plymouth Breakwater the waves, not 

Meeting with any abrupt resistance, break in precisely the 

Same manner upon the incline that they would do upon a 

'"(tiiriil shore, and with a considerably dimimshed degi 
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UI1 tbat, in ouiisequoiice of tltii form, i 
3ed lioriKontAl velcfcitj iii ihnir orij,". 
direction ; but bb tlie top of the alopa ia renilereil ai sli 
BS possible, lliero are no salient points in ihs raasoni; &h\ 
attract, Bs it were, tba destrnoLive action of the navei. ^ 
withstanding tbc [irecautions observed in tbe gul-uU' : 
the top slope of the breakwater, it ia by no means oi . 
I occurrenue tiiat blueka weigliiny from it to 5 tuns are (ui r 
' over t'rum llie eea to the land aide ; and in Pebruai?. 1 ' 
DonaidemblQ ilnmage was caused to the upper pavts. 

A lighthouso is proposed to be erected at each fflUri:. 
of the breakwaMr; but only oiio has been completed. 

The brealiwater in Delaware Bay waa designed not ui:!i 
fomi an artificial roadstead ahelWred from the effects ul 
prevailing ivinda, but also from the drift ice brought i. 
occasionally in large quantities fi-om tlie upper porta u! 
SchuylkiH and Delaware Ilivors. It was also contempt';!' 
that the port thus created would ratlier bo a place of rti'' 
for ahips bound coastwise, than it would become a toin'i: ' 
port for vessels dropping down tlie riyer. In consequeiiL 
these local circumiaUnoes, the works for the sbeller uf ' 
roads consist of h breakwater and what may be cftlit'i i 
ica-break. Tbe breakwater itself is in a straight line, H' 
direction W.N.W. to E.B.E., and of a toUl leiigth ■ 
1000 yards measured upon the line of high water, leaini-' ' 
channel of about iOOO yards in width between its E.ii ■ 
extremity and the main land. At a distance of 55B .'^! ' 
from the W.N.W. entremity. the prolongation of the |i"i' ' 
slope of the breakwater meets the line of tliG iii,< 
slope of tbe ice-break, forming with it an angle, towarda ili 
Bhore, of 146" 15', From tJie point of intoraeotion, tlie I' 
of the ice-break is carried respectively 372 yards W- I'v " 
and 228 yards E. by N., making a total length of ni*' 
COO yards, with a clenx passage of 350 yards between it ■'■ 
\__ the main breakwater. 

t0 space thus sheltered has an area of about |th oi 
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bd Kt S feet 4 inches above the level of the highest I 
RtideB. The outer slope was cnrried AawTi, vtilh au I 
I of 3 l>a.^e lo 1 iu height, lo & depth of about I 
I from the highest spring tides, and fi'um theiioo tu the ] 
angle of 45°. The mass of the work between [ 
Ibottom and a horizoutal plane passing at feet heluw 
t spring tides, was formed of stonea weigliiii(( frrtm 
I tonii, and the slopes covered with blocks of Crum 
Etona mimmum weight. Between this point and the I 
Vn^ponding wilb the lowest spring tides, the body of 1 
k was executed in stones weighing from ^ to 'A^ ian», 
i extemallj b; blocks notgliing 3 tons onoh at leititl i 
I upper portion was formed oxuliisively of bloo 
{■froiu 1 to S tons, laid as regularly as poisibls, I 
being covered wilh the largest lilorks, luiil a» IJMdvrtr 1 
I breakwater of Celte is prineipally rumarkuble J 



aoMWitt of ibe gmt iie^bt to «Ud it m wfrirf il 

bigbest water line ; this » not len thm It EnL Aa 

of ila Dorcoal profile hss alreadf been gnai at pi^ fi 

total length b aboot 5U jaris, end the ootlna ia | 

coDTei toiT&rda the open sn. Daring its eie eg li wt 

vatiooa were made from which it naj be infenBd tl 

constant midermintng of the sand opoo wfakh |i 

water was coustructed, bo long, at least, a 

file was made yerj steep towBids the open ses, ^ 

a dasger of saperinduciDg a groand-swell I 

the permanent solidity of the works, 

ID similar cases, were carried out at oi 

It b also seriously questioned by the pilots n 

^m harbour, ^Itelher the breakwater does not i 

^h the natural tendency to silt up trhich so stiimglr morka H 

^^k and several other ports of the Mediterranean. 

^^L Tile breakwater upon Lake Erie, at the entrance of ll 

^Hport of BuFTiJo, in the State of New York, 



Attracted with nearly 'as much solidity as similar works | 
the shores of the ocean. Its length is 484 yards i 
line ; the platform at the level of the first set-off is ItA 
wide, and h feet above the water-line in the interior. 
6 foot liigli ia carried tip above this platform, and beyo 
a gentle slope of about 3 base to 1 in height is carried J 
to the bottom of the lake. Towards the port the face d 
breakwater ia pei-pendiculnr, and it is defended from | 
iiyured by vessels lying alongside it by guard-piles d*h 
i feet ftpart. A. tow oi Btaec^^w^'^^e.sw i 
"~ Ige to protect it itom \.\i6 liSftiAa lA ■fea^ 







a rfaa fjiMrt to digwiht it is 

ions, to ils fall be^|ht fwrtiiAf M «M», I 

endo»»t»iir lo any it Bp re^olariy tbraqghoot ' 

B Iraigth, in order thai the snperinftimhMit wti^t of 

raes may assist m nuinniuing riio loiiw (Hi<« in 

This precaution is peculiarly ucM^^sury when 

e reaclitd the meau level of tiie sea, «twl)ii;li 

b wares Qctwilh the greal«st effev't. In siiUd laiLaulil'y 

I poaitions, the rapid setting of tlic comonlN iir moF' 

^ condition of vital importanco ; Rnil it w nUo iioom- 

t only snch irateriak of eillier of tliddo i^liunoi liii 

i allow of heiiig iirepitrod for uio Willi xnll 01' 

rater indifferently. 

Beyond tho jetties, in all seaportB of imponunon, it U Ulllikl 

1 construct an outer liarbour, mirroundiid l>y qiiny*, nt, Uih 

'111 of uliicb are placed tlie dwikw liilsriiM Ui t 

I , of large tonnage, and u rnuin tho walitr mil^rlnfi Kt 

I U'ie, aoaa to iJlo* ibc operxtioa of un\iAA\<m; tn ^Mt II 

'/m=rf irAi&f [its ra««b an KtUmi. ^utW t 
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■pg craft gen araJly remain in Lbo nuUr harbour, udoaW 
non^ters or olher i?nift able to depart ni half tide. Tbefl 
UBtas. uiid the leading channela Erom tlto back-watdr, «■ 
fit be natural or artifiL^ial, are also placed upon soma pi 

of the outer harbour. m 

The length to be glveu to this part of a port will jM 

very much upon tho facilities it may posaeas, wilh retfM 

the entrance or departure of veasels. It frequenll; ham 

thai during windj weather these may relaiti a very douiI 

able portion of the momentam derived from tha vta 

they had whilst uuder Bail ; Eufflcient epace must liitM 

be allowed for the destruction of this momentum beibH 

vessels arrive at the looka giving access to the inner \aM 

On this account, also, it is preferable to direct the eall 

tietween the jetties a little out of the line of the praM 

niada, and to place the lock-gates somewhat out of iha ■ 

path followed by the veasele entering, G-enerally sptM 

it will be found suSiicieut to make the leugth of thafl 

harbour about 700 yards. I 

The quay walls of a harbour are required to fulfil ihflB 

I {lOnditiouB as the walls of river nharfs, that is to say, to r<~ 

I tho lateral thrust of the ground, and to facilitate the disi'lm 

I of vessels. For the attainment of the latter conditioa, It itj 

important tliat they bo as nearly vertical as poasible ; 1 

proportiuu as this object is attained, the stability of ll 

itself is diminished. The late Mr. Hennio, and after hi 

mnjority of English engineers, endeavoured to recouo 

two conditions by building their quay walls wit) 

batter on both sides, laying the courses normally to tha ■ 

1 By this means the stability of the wall for thu 

1< quantity of masonry ia certainty inoreaaed, and ths fiios ■ 

fact, vouasoira — connect the masonry i]it^ 
k throughout. At the same time the mechanical dig 
execution is greater than in a wall wi 
Bsanrjr, and this mode of construction entails the aaq 
jbg inclined piles, whiuh should be avoided a 
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The Dutch engiiieent ocoiis ion ally iiii:line tlie two 
it the wnll iu a direction parallel one to tlie other, and 
tt they overliBUg on the inner eide at the top. The 
ing jointa in such cases are dispensed with ; but the 
ty of such walls, especially when coustructetl upon soft 
is never eatisfactory, for the overhanging portion of the 

Fig. a. 





lateral thrust i 
earth upon that portion 
of the foundations and 
wall below the center 
of gravity. Walla of 
this description may 
almost always ho 
noticed to have yielded 
at the feet. In the 
l''rench ports upon tho 
Channel it is customary 
to build the wallunearly 
vertical iu the manner 
represented in fig, 3., 
which is taken from 
the outer harbour at Havre. The mean 
in these ports ia not less than 0'40 of the , 



^^ft.tftlal heiglil considered asuuity, aDd.attuiigc as it ma; jm 

* to our ideas upon the eul^ect, it is found practicollj ttudl 

great thickneBfi is not eufficieut to ensure the stability M 

vails iu mauy cases, for many of them have yielded, f 

The rounded outliue of ibe liottoin of ships admitB ■ 

fonnaiion of a set-ofT, or of an apron, to protect Iha fbl 

f tiona. In the case of the docks at Antwerp, as the n 

^^Bvhich they viotb excavated vras sufQciontly solid to di« 

^^Mrith the necessity of a facing of masonty, the set-oflj 

^^f Ibrmed in the rack itself. This is, however, a course m 

ceeding which should only he resorted to when thera (■ 

no danger of the undermining of the walla. I 

The thickness to he given to ihe quay walls, and ^m 

^1 cise mode of construction to be adopted, must evidentlj,! 

^m vrliat has been said above, depend upon local considoJ 

^^L of the cost of materials and of labour. The most vmfm 

^^L.'^eoretical consideration affecting them is to be fooodifl 

^^Bfcct that the earth behind them is e.\posei! to be altenfl 

^^K%et and di7 twice a day, and that the capillaty action (■ 

^^■ground causes tliis action to rise to a greater height tha 

limits of tho tidal range. Tbe earth in this condition mm 

considered to be a semifluid mass assuming naturally* J 

I forming an acute angle with tbe horiaontal line. Butthsl 
' serious difficulty attending the construction of die quay fl 
ef ports arises from the yielding of the mud under the &■ 
tions. If the mud lie upon a solid substratum which MB 
reached by piles, it is possible to found the wall in a 
■manner as to guarantee it from any danger arising <■ 
Bively from tho vertical pressure. But it frequently lun 
that the mud moves laterally uuder the compreEsion tl 
earthwork behind the walls, driving out their fonndationQ 
forcing up the bed of the harbour. Accidents of this defl 
lion occurred ut Southampton, Lorient, and Rochefortf* 
it appears that if tjie stratum of mud be of great tJuekB 
tho only effectual mode of combating the danger is to IJn 
the vertical pressure of the filling behind tbe walls bynfl 



pes, timber platforms, or by hollow vaulting. The 
t Lorieat, is erected upon a bed of mud of unfathom- 
Kiii, Rod ill this case both the nail aud tbe platform 
I it are carried upon piles driven mtb tbe broad ead 
rds, 

I piles ougbt to be placed iu front of quay walls lo 
lem from the abrasion of the veast-ls moored along- 
ley rise and fall with tbe tide, or from the sbock9 
I driven againat the walla, ocotsionally with 
P violence. These pilea need not descend bctow low- 
irk of neap tides: they are usually bolted to the 
ivered with an iron cap. Iu the angles of 
sea or iochned roads may be placed, to assist 
ing small boats. The only important precautions 
II their formation are, that all external ai'risea 
and every description of projection likely to 
e bottoms of vessels studiously avoided. The same 
'y to all ladders mooring rings, or other facilities 
iQvres of the port. 

aions mid dispositions of the inner harbour will be 
Y the nature of the vessels frequenting it, and the 
lanat be such as at all times to exceed the draught of 
■ the largest vessel it is likely to receive. This 

B required, fu'stly, to compensate for any loss of water 

Y take place between two consecutive tides, whether 

torn evaporation or leakage ; secondly, to allow of tha 

of a certaiu quantity of water for the purpose of 

[ the passage in front of the lock-gates; thirdly, to 

a possibility of the vessels grounding, should EUiy 

t either bo transmitted from the outer harbour, or 

i iu any manner in the iuuer one ; fourthly, 

3 gates beiug opened a little before the period of 

Mt tide so as to permit vessels of light draught to 

1 early period ; and fifthly, to provide againat 
silting up of the iimer harbour, In order to proi 
i sources of posaiblo annoyance, and to 
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aAwtttrnthiwdanoaMtberndo. laa 
&im,itmm»Bmmrjtoitiagermyttmd6 
thNdtare the pnportisnBA Itngth mty ba k 

MMJ. At Cb«rt)oarg, wbere ilie expeass o 
bMfaw ii th« BoUii rock oaa enonuoos, Uieir d!meiiati| 
reduced to the miniinnm ; one of them naa Oietttott 
DMriy tqutre, or 754 feet nide b; ^5Q feet long: ^m 
tecond Hoa made 650 feet wid^ bj 1913 feet long, < 
proportion of 1 in width to 3 in lengtli. 

The gHteB cloBing the inner harbour should be O 
with aviowto secure the most rapid operations infl 
and ihutting, and to render the leakage at the aeTM 
Bi Htmill as poaeible. Iheir width muat be regiilat 
oiuss of vosiels entering. Barques aud sailing v 
noo tonvliunheu do not require a greater width thand 
A Urat-olaBR I'rigate does not require more than 53 b 
doBi a nrat-cloBs huiI of the Uue require more th&a t 
llut the ooluBsul djiiiensions of Botne of the modwn al 
roitders it neuCHsruy (o make the gates through whl 
ore to pass not lotie than from TO to 60 feet W 
PURlomiir}' to place sliiioes at the bottom of the Igflk-g 
assist in «i-onring the platform at the entry. 

Tlip ili-|iih uf the lloor of the i>assagi! will be regal 
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Ight of water of the voaaela entering. A 5U0-ton 

1 dmw about 10 feet, a firel-class frigate aliout 93 

t a firat-clflsa mail of war about 37 feet, supposing 

er full Iliad. As the draught of ateBtn-boata is 

Mse commensurate mth their width, thej may be can- 

iTed to be comprised mthin theae dimensions. 

Jiiless there be very great inequalities of tide, one set of 
inll be sufiident to retain the water during the period 
■.'lib ; but it frequently happens that it is indispensable 
.1 1; a set of gates to esclude the flood-tide, especially 
] -:pairB are likely to be required to the flooring of the 
i-.8age, or the inner harbour. It appears, therefore, a 
i-reasary precaution, to construct the chamber and pas- 
1 (IS lo admit of placing two pairs of gates, respectively 
i . lie against the ebb and the flood tides ; and in many 
i iL'ial ports it may eveii be advisable to place a second 
ebb gates in order to allow the intermediate space to 
' n species of lock to facilitate tho departure of email 
. t the half tides. A provision should also he made for 
oTtion of a cofler-dam; and in almost all cases it will 
• ■■^sarj to conatruct a turning bridge for the purpose of 
.'Ling the roads or quays on either side of the passage. 
' ^ide walls of the lock chambers it is also customary 
i^tmot culverts, provided with gatea aud raising ma- 
■, for the purpose of assisting the scouring action of 
. .i.-ea in the gates themselves upon the passage leading 
;he latter. It follows, therefore, from tho necessity for 
. veral woris, that the length to be given to the eatrance 
lie outer to the inner harbours of any port must vary 
■ iiig to the local conditions of tide, or of the oommuni- 

Uelween tho two backs of the innner harbour. 
iiiugh, as was previously observed, the effect of sluices 
liiiuy cases merely to transpose the deposits of shingle 
li from iha points directly within tlieir influence to 

.. I ■, where, perhaps, they may be somewhat less injurious, 
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yet it is possible to oblnjn liy their mesBs sooii 
adv&iitagp9, that it is necessary to dwell slioril; 
coDBideratioti, especially as ibe real value of tl 
nrorks is but little understood. The b^t form 
lo an artificial backwater retained for tbis purpose 
sector of a circle, but wilb a chord line, towards 
formed by a portioi 
developiiieiit of a 
greater mdius tlian 
inner contour: the ] 
placed as nearly as 
tbe line of tlie 
degree of clliciency of their action depends 
volume of water they can contain, and the Telocity 
this may be allo<ived to escape without injuring the 
of the jetties or otlier works it may encounter. 
the stream escaping from them is confined in eac 
as to act entirely upon the channel, it is [lossible to 
increase of depth, which In the immodinte ata\ 
of the sluice may attain as much as 8 feet. In 
however, as the stream escaping loses its velodtyi 
of transporting the materials previously detachd^ 
diminished ; so that it is by no means rara to d 
the shingle or silt removed near the sluice is agdi 
nearer the mouth of the harbour ; and in almoateve 
the meeting of the scouring stream with the littoi 
should any such exist, gives rise lo a bank at a disl 
the extremity of the surfnce guiding the water from 
depending upon the velocities of ths latter and of I 
current. It is therefore of vital importance that t1 
of the water at the moment of its leaving the sli 
great as possible ; that its path should be free fi 
structions likely to retard its flow ; and that the 
the sluices from the head of the piers he such as ' 
water leaving tliem to retain its velocity for von 
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Knto the sea. It is also necessarf that the direction I 
LtEowing stream correspond ^ith that of the shingle I 
Brought m by the veturoiitg tides. I 

m the various porta o! the British Ohanuel, especially I 
bse of tlie Frendi, Belgian, and Dutch shores, many I 

■ this description have been executed ; and it appears I 
m. esaminatioa of the results there obtaiDed, that a 1 

■ of ahout 5 feet inches per second, immediately 1 
Kthe eddy produced near the sluices, is desimble in I 
kses as those in which the bottom of the harbour I 

■ of small shingle. The distance of the most effi- I 
Kof these sluices from the extremities of the jetties I 
mb exceed 000 yards; although, when the materials I 
B in by the tide consist of a sandy mud, there does not I 

■ to be any serious inconvenience in making this I 
■) 1000 yards. The cubical capacity of the sluice I 
Bo auflicient to ensure the flow of the sluicing stream I 
bnod rather in excess of that required to remove the 1 
pU brought into the harbour daring the intervals of the I 
Kit may he obtained either Ly retaining the water I 

■ in from the sea itself, or Ly upholding the land J 
Kfor periods sufQciently long to secure the quantity 1 
H, or by a combination of these sources. I 
nictice, the openings of the sluice gates vary from T to I 
Bin width, and the intermediate piei's are made from 10 I 
WbeA in width. Large gates are advantageous in this I 

■ that they interfere less with the discharge of the I 
■Wl smaller ones would do ; but at the some time their I 
MB is more costly, they are more likely to get out of I 
Hoii their maintenance, and also their ordinary working, 1 
Hdiffioult. The most important consideration afiecting I 
Histruction is, Iiowever, more especially connected with I 
Kt which must not only be capable of resisting the I 
vdng power of the escaping water, but also of resisting I 
Hrostatical pressure of that which is retained in the! 
■lain. In many instances it has been deemed advisab^fl 

Kn.^PAKT H. ^M 




I* aifei At MMl iMflh «( Um &Mr not l«*s (! 

Bm il ■«! thsfi bt liwi in Biml, wbflit conilibr^g j 
tte aKptiin^ «( Umm a MkJww u Ibe effieirat trade 
kartoan. ihtt tUr Am «•« b mmI); renr gmt, and ri 
iJBliinw TCTf wp earfw. wfaiUt at Uie hbis tin 
iflMi Ifalf plote» W« only o( m qDc-tliooable 
ShMU lb* MMMwte iNVOght into « port bo af ■ 
m tOiy mimn, it wDl aJiMiet Blvn^a )>« fouuil more 4 
akkt (A mnoTt then hj dredging: tnd. in mooy fl 
Iha Mine nmuk will bold good iriUi gratel or sliin^eTI 
Bat. if « tidt] cari«nt oui ba mAd« tu pass villi consiilerttil* ^ 
velocitj along the paeaage leading to the inner harbour, or ^ 
in fact, any natural back-water exist which con be daeciw ■ 
aa to act efBciently for sloiciiig, nitbout cntAiliiig aay ««rii . 
outlay, it is bigiil; deainible ibat it aliould be mode wi < < 
Local liirciiraalancea must eventually decide ifaia, M ibej i; ' 
all other queatioiu of deUil. 

A very important brandi of the si^ietice of bydi 
Bngbioering, oa applied to the uoustruction of a 

I that connected with the chemical ocliou of the ult^ 
I muteriais immersed in il, and tlie peculiar t 
•ome of these arc exposed to from inembera of thfl i 
kingdom. 

Some atones and mortars, not only when immer 
(Jao wbeu oxpoaed to the aea iLir, may o\ 
deoouipoBi.^ and to become covered by an effloreeeflnee ij 

I oarbonnto of soda, i*esultiug fi'om the action of tbs II 
Ohlorido of eoda in suspenaiou in the atmospheKt I 
sombinaiiou with tho water, upon the carbonate of I 
1\\fi hydroctiloriilea of inugnesiu present in sea*water ai 
very ptvnliur manner upon some slonea and i 
when tho former exist in the state of protocarbonatn oi 

I^Oia magnsaia outers into combination with it. and M 
lat pTucvaa n nuw crrstalliuc arraugenient take* { 
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i frequently llie case tliat lh« slone lUsiu leg rates. With Ibe 

' I'Calcaieuas stoiies, bovrsver, ibis aotiou does not lake 

. nnd it would thus appeer tbat the combination of the 

iiiih the alumina ta suBiciently euei^elio to enable the 

< i in wbich that state prevailE lo resist tbe decomposition 

ii<' sua-wuter, Tho SBcne remarks apply to mortars and 

' ii'.uts; for it is found tfaat unless tlie mortars made with 

■ f dinary limes are perfectly carbonized before being immersed, 

tr unleae tbe cements be obtained from natuml orgillo-cal- 

sareouB rocks, or, if artiBcial, unless the lime and alumina 

■ ■ l^een made to combine intimately by the eiieots of 

;i. however well thej may appear to resist in the com- 

ii.'raant, they will eventually lie certain to disintegrate. 

'.lifters, Brest, Cherbourg, and the He de Hhe, eome 

: i:, were employed for die formation of laige blocks of 

lite, and were composed of moderately hydraulic limes 

! with artificial puozzalanos, prepared, in nccordancs 

Vicnt's suggestion, merely by exposing clays to a low 

)N such a maimer as to allow free access of air to all the 

I incandescence. The concretes thus made resisted 

irlly for some lime, but at the expiration of two of 

ktri they fell to powder; whilst in all cases where 

t puozzalanos have beeu employed they have not 

It appears, therefore, that there are certain changes 

S in tbe alumina by the action of inteuse heat which 

1 capable of combining with lime ; and it is 

ibly in this manner that we may account for the od- 

l>Inl>l« results obtained by the application of the FortUiod 

^meiit. 

irticular stones, however Imrd aud polished they may be, 
ji^ spite of the incessant action of the waves, become 
: ■; and almost entirely covered with shells and sea-weed, 
I niin positions, whilst in others they are left Imre. This 
H true with respect to some mortars; for blocks of con- 
. wljch have only been immersed for ten days, have bisn 
■ l1 Lu be covered with marine plants. The boring mol- 
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luea fre<iuenlly attack Uie Gofter limealoiiiTa. wiili buIBJ 
nqiiilitjr to reader it necess&ry to exercise grest G&Dtimd 
chmee of Uie maUriab erapbved irithia tlie range Of ■ 
destructive enei^Jes. Graait«s and silidoua BandUOMQ 
free from their attacks, aoil some descriptians of liossl 
enjoj the same immanilies ; but tbe precise nattiie 4 
laUer class of stones is not known with any Lolemlle q 
of certainl;'. The aniraals exercising this action npostl 
are of tlie tribe of the Hthodomi, or more frequeati 
onr seas, of the Saxicava rugosa und llie Phoht, tfas I 
attacking principallf the chalk, or other pure and Sira 
bonates of hme. I 

Iron, whether in tlie water, or onlj exposed to itSTU 
corrodes nith great rapidity ; wrought iron ded^^tn 
might be expected, more rapidly than the cast ■ 
Painting or galvanizing doei^ not appear to retard tu 
fltructive chemical action of the eatt water mateiiul 
whatever state the iron may be ; but tbei'e would apM 
he a specific difiereuce in the nature of the action npti 
cast from that upon tbe wrought iron, for it is found till 
latter becomes simply oxidated to a greater or les3 A 
whilst the former, after an immersion for about 3<) fl 
. becomes converted so thoroughly into a cai'buret ofl 
Lclosely resembling [he plumbago of oommeree, that Itn 
rcasilf cut with a luiit'e. Ce Cessart mentions that, U 
noTing some works esecuted by Vaubau a ceutury pravil 
he found that in many iustnncas the nrought-iron botq 
intact, whilst other bolts, inserted in precisely UHH 
positions at a. subseg^ueut period, had corroded wilbind 
few years. There would, therefore, appear to ba I 
peculiar states of the iron as employed in the arts I 
modify its powers of resistance to the chemical action 4 
Bolt water. The greatest practical inconveniences atttdl 
the chemical action of the sea-^ater upon iron are, fl 
powers of resistance are dTOiinished ; and. Been 
its hulk diniinialieii b.\so, cs^ecvaSi-j '^ct. «fiil 
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Pace, the play thus superinduced upon the framing it 

sndeJ to strengthen hecomes very great. 
Copper and gun-metal oiiilate in salt \™ter to b. veij 
(gnificaut deptli; hut they do not appear to he othenTifie 
;cted, nor do they lose their powers of resistance. If, by 
ans of any description of paint, or of other preservatives, 
•■ oxidation of the esposed surfacea be prevented, these 
tab are frequently foand to he covered with shells or 
rine plants. 

The most important observation to be made with respect to 
I employment of metals in sea-water is, that under no 
3umstancea should any two different kinds be employed in 
ilact with one another. In such cases a galvanic action 
.es place by the intervention of the ealt water, which 
iduces very rapid and important chemical decomposition. 
If wood be kept constantly under water it is found that it 
il last for an indefinite period, and that in the parts left 
ernately wet and dry, a collection of marine plants and 
ells, especially muscles, is rapidly foi-med. The principal 
Dger to which ivood is exposed in our seas is, however, that 
used by the ravages of a species of worm called the Teredo 
valu. It ia said that this worm is a native of India, and 
at it was introduced to Holland some 200 years since, from 
leuce it has spread through the ports of northern Europe, 
) the foBsU wood of the Isle of Sheppey is frequently bored 
' these worms, whose casts are preserved in the fossil 
Bta equally with the wood itself, it may faWy be questioned 
hedier the above story can account for the existence of these 
»ls. Be this as it may, it ia not the less the case that the 
Tedo bores into the heart of the wood, and destroys the 
Jongeat carpentry with frightful rapidity. Thus at Dunkirk 
iwden jetties are so speedily eaten away that they require 
inewal every twelve or fifteen years ; at Havre a stockade 
13 entirely destroyed in six months ; at JLorieiit wood only 
iBts about three years in the sea-water ; and at Aix the hull 
^ti stranded vessel was found to have \osl \i«M 'i.\s ■«e\^^.' 
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US moatha, front tb« nta^ot of ihete Rnim&Ii). i.'a our 
couts the aaue dettrtieiion U cuimiI bj this afparaoih 
rigaificant enemy ; »t Suuthuaptou, Itj'dB. Brigbton. r>i'> 
. th« teredo baa destroyed jetties wilh equal mpiJil; 
that observed on tbe French eoait, ai above ciled. 

When the tereilo enters a piece of wood il utoimnll 
tot to leave HDf percepiible trace of the pessage It; yibkb 
eatereA; Buhsequently it iooreasea until the I 
passage it occupies is equal in volume to the liltli 
_ only Dtiaclis the interior of the wood it ealers, bikI atUi 
^H (be latter will brenk off before any exlenial lodieftl 
^^B glvea of the presence of the worm. In pilea, 
^^B ia the sea, the zone most affected ia ifaat i in mediately! 
^V llio main level of the sen; occasionally tbe teredot 
^V their ravages below the line of low water of the 
^1 lidei, but they rarely mount higher than the line of bt{ 
^H At neaps. It ia believed thai tliey caunol exist undef 
^H compact as to exclude air ; and there are Rome IocaI 
^B loritiee in their dislributiou hitherto uiiaooeanted for; 
^ to say, they are often found in some parts of a roadei 
harbour, and not iu others. 

Engineers have endeavoured to prevent the ravagM ol 

these creatures upon jetties or fasoina baukfl. by eilli'f 

^L oovering them with nails or by sheoling them with copper, t>f 

^M coating them wilh verdigris or oemeut, or by impregntlinil 

^H the wood with aome saline solution. Of these mctbnds, thi> 

^H of covering the exposed surface of the wood with naili, about 

^K I inch square at the head, appears to answer the beat ; but ''> 

^f apite of all tlie care and altention with whiob it maf !■> 

performed, its sucoesaful results are always problematiwl' 

Mr. Hartley, of Liverpool, asserts that the green henrtwii 

of Oemerara is nut subject to the attacks of the teredo, pd 

tho Subicu wood, fram the same colony, ia said to [K)3aesi 'li>' 

Hiime property; but these are the only known e-icepli"i 

'i» the rule. All ol\iet woois — ti8.V, \fta!K, fir, elm, ahk*^ 

Keillor Imnl or soft, yield raYii^J- 
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e are also olhef Email wovms, which do not attack th« | 
( the Stooi, like the teredo, until, at least, they have 1 
6ld all tlie outer parts. Their ravagea are. tu a certain 
■'Oombated hj covaring the outaide of the wood by tliin 
f the eame deecrlptioD, wbich are removed aa euon aa | 
V eaten, and replaced by others. 
Kde^tla connected with the construction of louk-gatea ' 
arbours, and of the various sluices, do not differ i 
principle from those previously described in Fart II., page TO, 
tnd subsequently, of this Treatise ; nor do they involve other J 
'I'^i derations connected with the pressure of the water I 
J [lioae conteiued in the sketch of the scleuce of Hydro 
■■i aa applied to this branch of special constructiou ia I 
1 III. The facilities to he provided for unloading, such ' 
iiiuea, &c., will also he found by referring to the chapter 
I'cuks, in Part II; the lighting of harbours is a detail 
■uected with the subject of Lighthouses. 



CHAPTER VII. 
IMPEOVEMENT OF EIVBE3, 

■ L precise order traced in the synopaia, for the examination 
'■'■ (;eneral principles of this branch of Civil Eugioeering, 
l'i:e« departed from a little, for the purpose of keeping 
/Li'atest number of phenomena connected with the tidal 
■'I before the reader at the same time. But it will be 
••Aty to repeat occasionally some portions of the pre- 
:.;,' i>!uipter in order to explain fully the causes and effects 
li'i modifications produced upon rivers by natural and 
...ual means, or to trace the laws which regulate their 

luH and inlluence the outline of their beds. 
lUterB are, jn fact, the chaunela by means of which the 

nier originally evaporated from the sea, and falling upon the 

nd. is letumod to the pai'ent soarce. In aVvtwa^. «I^ ii»att'i'\^ \ 



I 

I 



!ji found thai towards the interior of a coiiutry the gro^^l 
',^^8 iuto mountoiu ridges of variable elevations, and b^^| 
liibgical investigation of the succBSsive strata met nilbiil^^l 
'"passage from the sea to the summit of these ridges. gene^^H 
speaking, shows that the latter are composed of more sn^^H 
strata than those nearer the shore. The water falling njfKni^^l 
loftier hills citlier flows off rapidlj, if the racks be t^^| 
impermoalile nature, or it is partially absorbed, to lie i^^H 
given out in accordance mtb the ordinary laws of li]^^| 
dynamics ; or. becoming frozen nt the highest points <^^H 
ranges, it gives forth, upon the limits of congelation, str^^H 
of considerable constancy of volume. In mnny mountii^^H 
districts lakes are frequently to be found which feed n^^| 
discharging, in this secondary manner, the waters cond^^l 
into the lake by the numerous smaller afSuents. In^^| 
eases rivers rise in plains, and are fed simply by B^^H 
given forth by loftier ranges of permeable strata sumo^^H 
the plains. But the largest risers, and those vhicb ''^^l 
most constant in their volume, are derived from the ntod^^l 
ridges, situated above the line of constant ice, rising^^H 
wide tracts of table-loud. ^^M 

It may he- stated generally, that the superficial OOflD^^H 
tion of the globe presents a series of such ridges and n^^| 
either of a simple or a complicated character; that is I^^H 
Ruy particular district consists either of only one Gjat^^l 
hills, 01 of a principal and of several subsidiary chains, i^^| 
Again may either be parallel, perpendicular, or oblique to liH 
principal ridge. Tlie subsidiary chains are acconjpanied ^ I 
subsidiary valleys, and the elevations of both deoreose ^ 1 
proportion as they become more and more removed fcom <)■-' 
dominant ridge. It is to be observed, that the secoDili' 
valleys, especially when they are perpendicular to llie dii'ei^^i' : 
of the main vaUeys, present much steeper profiles, both Iw- 
ludinally and transversely, than these do ; and the se*' ' 
valleys thus formed pvescnV a,!:, vWvt lo-^est depression 
channel into wUch the waleia 4vw\i\n?, ^tom -Caft ■a«diafc«is" 
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^^HpdSi or thoEe releaeed by laying bare the edges of any 
^^^■Aiing strata, pour from all sides ; the volume of the 
^^^■buB collected depends upon the length of the valleyB, 
^^^pare of the materitUs they intersect, and the more or 
^K equal distribution of rain upon the upper lands. The 
Bxistence of dense forests, or other circumstances able to 
i^tard the evaporation, have also great influence upon the 
' -liiiicy and volume of rivers. 

■vrre present in the whole of their course, from the point 
: 1} they rise to that in which they fall into the sea or 
other river, the foliowing circumstances ; — their viHth 
a-cs as they advance, and their longitudinal section, 
i'Liiig in some extraordinary cases, consists of concave 
-. both at the bottom of tlie beds and at the surface line, 
ugh these curves are not uecessaiily concentric or 

■ liel to one another. The courses of all rivers are so 

lis that it is an invariable rule that their length, mea- 
'. upon then- longitudinaT profile, is greater than the 
.'liiear distance betweea their extremities. If the rivet 
Miio a sea, or another river, whose levels are exposed to 

■ I imiB, whether periodic or not, the transverse and longi- 
iui sections of the one thus falling in are exposed to 
I ions beyond the influence of their own wtitera. Should 
..iiiations of the receiving channels bo subject to tidal 
ii, the subsidiary rivers will follow the usual laws; tho 
> and the eprings, the ebbs and the floods, will act upon 
' ill an analogous maimer, but in a. different degree, to 

■ ilioy do on the sea. 

: almost every instance the great mountain ridges are 
iii.ied of the granitic or other primary i-ocks, rising 
iL^ii and upheaving the more recent sedimentary deposits. 
■_{ lo some law not hitherto explained, the principal axes 
■;c ridges do not occur in the center of the continents or 
nlauds, but they are always found to he nearer to one of 
I'^mnding shores than the one opposed. It follows that | 
I gettcmJ inclumiioa ol the land from the riaii,6 ^QviMis 'CttS*j 
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eea diiTen on «ith«r side, uid that in ona ataa a 1oiig| 
gnduall; iiidined alope follows the mounlainouB n^ I 
wliiUl la the other the alo[je is narrower and wore TBpil 
IlluetratinnB of these laws Eon; be found m ull quntlen" 
the globe; it may suffioe to cite nt present thu geunin 
dtapoaition of the European continent, which falls m 
gradually towards llie north from tho great range fatiuM i 
by the Balkan, Ciirpathian Alps, and PyrencM, t 
main general direction runs from east to vsiit; 
towards the south the rate of fall towards the Uedit< 
is oonsicleraUy greater. Bat it is not to he s 
although the main lines of elevation of a large 
district are marked by groat regularity, the direction ■ 
flow of its rivera is equally coastant. It often h 
subsidiary mountain i^haiua are thrown up : 
parallel to those of the main ridge, and under UtodS (i 

»atAnces the rivers may be oompuDed to Bow between & 
a direction transversal to the uoi'mal IncUDatlon 
district. Thus, the Danube and the Missisaippi hgtltn 
direoliona parallel to the ridges, or back hones, oi 
fcther appropriately celled, of their contiuente ; wlifll 
preater number of the watercourses, and the ^ 
Itttion of the respective continents, follow directioiLa pi 
l^poi 
• As 
indii 



As the land falls away from the oentnil rldgea Um 1| 
Pindinatiou dimiolshes, and in following the downward d 
of the large rivers tlie fact previously mentioned f 
observed, namely, that the more recent strata an g 
found to occupy the surface, and, as a general ru]4.| 
power of resislAnoe to tlie transporting power t 
diminishes in the same order. Tbe longitudinal | 
which imturalJy follows from this law assumes a o 
pnrabolio curve, whoso apes is situated at thf point pf 4 
^anJ the velocity of tlie flow of the river deereaseB inp 
3 it approaolies the sea- In the more elevatad i 
mnsporting power of the water is therefore great^ 
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B of wbtob lh«; are composed ara of • much more 

-lilting natura, ths effect it is able lo produce in degrading 

iiriQCe is, cumparaUTely speaking, ioea than in the flatter 

:> I3 near the outfall. Upon the primaty rocks, tJien, we 

t.lmt rivers liavB a very imperceptible action upon the 

■ IK ai their beds, and that the materials tbsy cany dawn 
Kilt, little comminuted. Yet in fiooda, the blockH and 

ugments debicbed from the escarpments around the water- 
'Orses are Bometimex oarrled forward, and broken and 
lunded by attrition during their prt^ress ; the distance lo 
hidi tJiey are carried varying nith their Tolume and specific 
•aYity. as well os ivith the volume of the river. Following 
mala valley we thus find that at a short distance from its 
■igin nothing but large angular blocks are to be met with ; 
iccessively tlie blocks become smaller and more rounded ; 
ley then become merely pebbles or gravel, and at length 
athing but sand or silt. 

In the liirge plains of the more yieidiug strata, rivers work 

<c themselves beds, whose dimensions are more in uccordauoe 

Idi the tenacity of the soil aitd the volume of water they 

If the soil be of a degree of resistance unable to 

■ lit the action of the stream, the banks of the river will 
'<l, and both the depth end the width will increase should 

ansa dimensions not be auSicient to ensure the discbarge of 
lie water. On the conttary. should they be already in 
tcesB, the width will be diminished by the deposition of the 
iMerials brought down by the Hoods. The geological, and, 
t A oei't^n extent, also the mechaniiinl, nature of the forma- 
ions traversed affect the volume of the rivers flowing through 
bun, by the greater or less facility with which they part with 
Jie rain-water falling upon them. Such rooks aa the granites 
ad oorapact limestones, especially the Uas, allow it to escape 
llmoBt OS rapidly as it falls ; the rivers passing over them 
tail, therefore, be variable in volume, and if supplied by a 
Uue watershed, frequently of a torrential oharacler. Tho 
Wh elays, such as the Oxford or the London clays, pai 



ti iJm witer fklling apon them ntker nwra slmrlf & 
9 cbM of rocks loM mentiooed ; bttt tb« oditaa. i 
r loOM open sands, abaorb the rain as it &lk. and lield Itfl 
to the waterconrses wilb great regalariLT. 

Duboat ascertained by direct csperiment the nliatd 
Tolumes of different materials transported b; nnn 
with different rates uf Qon. Thus, he found that 



Claf, lit tat polMnr, m» maored bj- mtct haiing b tdodtjr j 



PioK nnd . ditto . . .ditto . 


ditto . 


Qntel, ubmt ttic liie of peat . ditto . 


diti* . 


Ditto ditlo . heioM . .ditto . 


ditto . 


BhingU, aboot 1 inch diBmelet . ditto . 


ditto . 


yiiiiK, iboot th« liH of > hen's Fgg . ' ditto . 


ditto . 


BroksD >l>nu ditto . 


dim . 


Bott K^U begin to jirfd with a velocilj of . . . 


ditto . 


Kocki, witli ditiinct 1 1 ratification . ditto , 


ditto . 


Bard compact rock .... ditto . 


ditU 1. 



■ Bari 

^H Verj' moderate velocities, it thus appears, are snffii 
^^k reniove the materials usually found near the out^ a 
^^■and in large ikt plains. The destructivo action of ti 
^^Ks also incredaed by its chemical action iu decompO 
^^■materials exposed to it, hj the heating or tlie v 
^^tabrnsiou of floating ice, hj the alternalions of drjnefl 
^H humidity, and, at>ovo all, hy frost. Aquatic plants b 
^f defend the bods of rivers, provided tbe depth of v 

very great. 

In all lai'ge valleys there mny he obeBrred traces of« 

previous geological action of rivers very different from li 
^ft which they exercise at the present day, in degree at \e» 
^B The Boil, in such positions, consists of alternate lafeno'l 
^^L4Rrad, chty, pent, and rouuded pebliles, wbose dimcasi'" V 
^^Bjtiminislics as ws proofed from the source, and n'liicli <^ri'' 
^^^we entirely wanting at the embouchure of the river. Thr.." 
^^^Boss layers, often of great thickness, the rivers nm 
^^^^hanncls of a dimension freriuently much in excess of t!: ■ 




mid themselves bo able to form, In the valleys of 
iivera as the Ehiue and the Seine, particularlj, it 

B that, at a period comparatively speaking recent, ths 

Urface of the country must have presented a senes of lakes 

Bmmunicating with one anothei, hke the vast chain in North 

^enca, and in these lakes the matenala brought down fay 

Ire floods must ha^e accumulated By some violent change 

tese lakes appeal to have been destroyed, peihapa by ths 

!aJual recession of their looser barnei, m a manner similar 

iljit in which the barner separating the Lakes Erie and 

I uio la disappeanng under the alirasiou of the Falls of 

n But, howe\er this may be it is cpitain that the 

lit \oltinie of (he European ruera is nut sufficient to 

lit foi the immense deposits of diluiial matter through 

1 they flow And in manj cases, it la equally certain 

ilie nintenals thty non transport in the lower part of 

Lourse aie derived from the previous accumulationa of 

1 im, rather than from the ridges fiom which they derive 

t supplies of ivater, and that these risers now carry 

■id silt and mud much moie fiequeiith than they carry 

a\ lI of any considerable volume 

Ihe manner in whu h riiera hll up, or raiio their beds, is 

subject invohed in some obsLuritv, or at leas 

ipoii causes which are often piuel; local In many 

h tendency of tlie water is ratbei to loner the bed 

lullv when It runs upon haid rocks, than to deposit the 

1 h Ills biought down from the uppei distiicts, and this 

ocy to deepon the beds is principally confined to the 

I and raoie rapid portions of the course The detritus 

I se purlioQH 18 deposited m the vanona small bi-anchas, 

v>(, 01, in fact, m any positions where a sudden change 

place m the rate of flow and, when this law is skilfully 

I d by the engineer, it may be made to eo operate very 

unsly in tho improvement of the course of the stream, 

u the lowei portions of the ruer, where the descending 

iiy of the water is destroyed by the meeting with 

1 the sand and mud are deposited graduaWj eiV Q-jax 



ITU 



aDDIMEHTfl OJ 



[ lurfauo of the bed, giviug rua to iLc deltas whioh i^^| 

I ehRTaotonitia of the moutliii of rivers, particuliirly In ti^^| 

I teas, such lu the Meditorranean uud the Gulf of Mevt^^H 

' According to the uutural laws ai grnvity iho Telocitjr ^^H 

watora in a river would cautlnu&llj iucrease, ogrmabljf ^^M 

nttes of iiiolination of its lie<l, did not ibe friction Of^^H 

sides und tbe bed increase at the same time with ihfi i^^H 

ftud in a much greater prD{<orU(>a. Tbe friution alu Bl^^| 

the rate of flow of the several separate porUona of tha^^l 

versa section, causing it to be greater in proportion ^^| 

depth or volume over any particular part of the oontoar. ^^| 

[ is, iu alaiost all rivers, a zone where the depth is gceaU^^H 

' in the other parts, and where, aoueei]uen[1f, Uiti velts^^| 

greatOBt ; tlus zoue is called the " thalweg " hj lbrei|^^| 

I, and fureis usually the navigalile cbauuel, Bt}i^^H 

there are frequeutly other zones of still water, and ii>^^| 

liases these are characterised by currents Sowing in ta^|H 

site direction to that of the main stream. In the thnlftn 

iUelf, also, the velocity ia not the same at the botlem ttitli' I 

is at tlie surface, where in rivers of ordinary deptlut it i»At 

t is usual to consider the mean yelooi|}H| 

le about four-fifths of that of the maximnni. I 

The following table is extracted from the " Cours do C'-n* | 

L Btruction," by Sganzin; it Bhows the volocity of anme nf 'I" 

moat important rivers, principally in western Earopa. 






•elDuItf of Ihe Seine, b< 

„ Thnniei at Lonilo 

ly af ihe Tibet st Roihb, Ihw ' 
Dnimbe nt EbendotF 



per iKnnd 8 ■ 



Beaucalrc 
iw Sitter 



llnngnan, S. AnunicB „ „ 

Rhine tDTJet t^sm 3 feet 2 inohei to about 
it proanced by tho mailing of inuiir by tha 
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I the cinsusBtanoeB connected with thu origin und 

ilisuqueol flow of rivers, it follows that their volumes «re 

t <L to considerable variations, Tliut, the melting of ti 

'1 !^uu«, or p sudden atorni, may cause the waters to rise 

\ t;ry aiiomaluus manner, producing in those parts of the 

>' which are heyond the inBuenee of tidal action serious 

' ' 1 1 uiMiUonti in the velouity and depth of the water, as well 

I in the cross seotion. It becomes important, tlierefore, 

afore commoiioing any works for the improvement of a river, 

I ascertain the prsoise range of ita variations of volume, and 

ijumerous causes which may affect, not only the district 

.'.iLiI by the principal stream, hut also those of its affluents. 

■ J, when rivers are of great length it frequently happens 

' I tie floods of the various subsidiary hydrographical hasins 

. ' Hi very distant epochs, and iutrodut 

iicgularitj in the flow. As, for instance, i 

Mississippi, the freshets from the upper valleys of the 

issippi and Missouri come down at different periods from 

i' of the Ohio and Tennessee valleys, and, generally 

liiug, at a later period of the year. It is observed 

■ iliQ floods of the Ohio, under these circumstances, ci 

viiiers of the Mississippi to be, as it were, penned haok 

L considerable distance; and equally the floods of the 

-i>sippi occasionally pen back the waters of the Ohio for 

;'i leagues. The same remark will apply to most great 

■ >iih; but, in our own oountry the extent of the hydro 

graphical basins is not sufficiently great to allow of much 

Itngularity of this description ; and we may consider with 

Vilemble safety that our rivers, above the influence of tha 

l"lfli, are at the lowest in the mootlis of June, July, August, 

Ittid 3eptsuiher, and that the floods ocour in the montha of 

'December, January. February, and March. 

^'liieT ordinary circumBtances we find that the banks of a 

' t resist less than the bottom, and that the width propor- 

-imlly is greater than the depth. The tendency of the uon- 

HJtoU partielea of the banks to fall down by the effect of 









il» BStofBl nmne. whidi «mU be ifiB A* I 
kB^nriiBal fidl. Should th« botk W •( all 
ifbdii g nature on one ridt than Ik* nihw. ij 
Mtiml or artificial profeetion east, the 9 

tomrds the other side; and 

and present aacfa an increaie of la^lh a 

Ilia flow or iu wat«ra. In ainter. it is also t» \ia 4 

ttfaot, il tbe upper (oiriaoi l« frozen OTer. tbe 1 
Abnutve sctiDD of the elream is exercdsed i 
which it will deepen so bog as the valer thm Bbi 
were, in s pipe. 
The ro»e«rches of Gnglielmini, ManTredi. Fris, b 
boat, may ho consalted with Eignal advantage b; e 
■bout tQ nndertake ivorks for tbe improvement of riTCiall 
of lale years the notices of Messrs. Stevenson 1 
Bushell, nilh tbe records of what has been ciecDtAd ^ 
United Stales and France, i\-ill be found to throw confflU 
light on the subject. It may be, however, sufficin 
present to cnll altenlion particularly to the followinga 

deduced by D'Aubuissoii, vin. — that the resistance of bT 

I or deviations is generalljf stDoIl ; and that the current m 
[ upon the concave bank destroys it the most rapidly, and gi'W I 
e to an incroasad depth in front of it, whilst tlie depoeiu I 
r And Billing tftlte place near the convex shore. Jt may also In I 
f lObiKirved that in mountainous countries rivers run close Vli [ 
(! deeper near, the feet of tho steepest hills, especiallj ■ 
[ Ithon these arc exposed to tho prevalent winds of the localU' 
r And, laHtly, il will he found, in rivei"s flowing over a snnJv 
nvelly lied, that thora exist a aeries of zones in whicli '■ 
: roUiina a very slight velocity with conaiderahle n !■ 
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Hm deplb : aud that at other parts the bed rises iii such 
manner as to fornt bars, over nhicb the water Bov& in a, 
allow rapid stream. These biirs are generally situated 
ar bends of the stream, and they sen'e to retain the waters 

■ 1)!,' from the upper part of its course. 

I'ollows from what has been stiid above, in this and the 

■ ■ ' iliag chapter, that the works required for the improve- I 
not of Uio channel of a, river may be directed either to 1 
gnlnrizo its flow in such a manner as to retain a sufficient I 
'pth of water for the purposes of navigation or of adaptation ] 

iiiiiiiofacturing or irrigation uses ; or simply to defend the 

■ :iniding country from the ravages of inundations, whether 

l:e caused by floods from Uie upper districts or by 

'n: first ini^uiries to be made in either case must be I 

■ u.d lo ascertain all the variable conditions of the flow I 
Id volume of the river, the nature of its bed, and both its 1 
Inn and section. As far as regards the adaptation of any 
a^om to manufacturing and irrigation uses, the principal 
Dint to be decided wOl always he the height to which the 
Wer may be penned bacli, because evidently npon this, to a 
real extent, will depend the power it can produce and the 
Briiice it can irrigate. But with respect to its adaptation to 
be purposes of navigation, the questions of detail become 
Oore complicated. It frequently happens that the transports 

II, If require to be effected in one direction, and that they 
liily be effected under certain conditions of velocity and 
1. The width to be given to the new navigable channel 

:; iilso depend upon circumstances estrinsio from those of 
'•he river itself,' so that a careful examination of the com- 
mercial relations of the district is as necessary as that of its 
^bysical nature. 

Wlien the upper part of any hydro graphical basin is 
ntimted in a densely- wooded country, the stream is frequently I 
tapable of being rendered fit to transport floats or rafts, by ] 
Ifiviiig it the breadth and depth required by means of a series j 



KUDIMRMn or 

bof irti<t«U laaiM M dJipoMd u (o liUm the vaUr U J 
' at slated inliwvali. iu ftuhM. upoa the lop of whioh ll 

■rs oarried furwar^ tu the next basin. Ttiia ST<tra 4 
I qipUeftbl« to raouutain aireuBs wiUi a smftll depUiofI 

> Buob comi tries M producfl raudi tunlxr; 
I ibrf. hn SL'ldom required in anr own country, alUunigbfl 

m it might oFian be of gttU. Borvioe. Ths n 
I dent mode of forming iha Bluices eeems to be lo « 
I ffeuiuiog walla at an angle from the banks towardi iktm 
F af tho dowii stream, bo as to redues the upen waj il 

of the river to that which is barelj neceHaarj' to ■ 

raru to pasB. This open way iliould ba i 

ahort disianco paraUel, 



itil 



riviiig 



the 



bIuicb, bej'ond which it 

widens out again. The 

■ width between a h and 

bed rna.y vary fi-om 'M 

I to 13 feet as a tniui- 

I mum ; the length should be about 'ii times the «i(lt| 

sluice, working upon horizontal hinges at the botU 

maintained in ita position hy a looking bar at the top. ■ 

direotl; the bar ia removed the sluice may fall, is o 

Boroo cases; ivhil^t in others, the water is penned li 

means of a series of movable blades resting against a fl 

in the stone sill at the bolti^m, and a locking bar at tl 

which is not withdrawn until all the blades ara i 

With the Utter arrangement tho velocity of escape 4 

' water is soisenliat diminished, and the danger frOBM 

I oataraot thus produced, both to the raft and to tlie bnl' 

I of the dam, is diminished. The minimum olear dflflll 

f water over the sill, at the moment of flashing, aboid 

about 1 foot 8 inches. 

The best position for the opening of the sluicm, 1 
the conditions of the flow of water only are r 
Uie centre of the stream; but if there be a tawing patH 



^^^Bp to bring it as uear to the Utter aa possible, It 
^^Hb happen tliBt in some positions it will be necessai^ 
^^H^ lock to tbe flashing sluice, in nhicU case the best 
^^^K for the luck is unqueslioaabl; in tlia still tcater on 
^^Hftfiita side to the sluice. The siJe walls of the look 
^^^K an4 the tloor of the tail ba^, witli its retaining walls, 
^^^p protected against the effeota of the cataract Irom 

^^^H it is poesible to obtain, either artificially or uaturallj, 
^^H«f about 3 fe^t, a river becomes navigable for barges. 
^^^■(te of fall in the longitudinal direction exceed from 
^^^B 10,000, the barges can only descend loaded. It is 
^^^■pwever, to regard an inclination of 1 la 9000 as 
^^^■tinam which admits of transport iu the two d>- 
^^^B«f ascent and desoi?iit. The liver Rhone has an 
^^^■n of from T to 6 in 10,000, as quoted above, and by 
^^^■f a class of steamers oonstruoted especially fur that 
^^^Bth Home peouliar arrangements of their luacliiuery, 
^^^■iding navigation is carried on wilh tolerable success. 
^^Hthe river Lys, in Belgium, where tlie haulage is 
^^^■d by horses, the rate of ilow, produced by an iucliii- 
^^Kl in SOOO, might render the ascent dillicult wore it 
^^^klBd by the aquatic plants, which it is strictly fur- 
^^^B out. 

^^^B naturally vary much iu their dimensions, accordiug 
^^^■Kture of the river upou which tliey are employed, 
^^^k^gie limits of variation appear to he, ii) length, 
^^^Ro 230 feet; iu width, from 6 I'eet 6 inches to 93 feet; 
^^^■nugbt of nater, from 3 feet 6 inches to 6 feet 
^I^B, Evidently, then, it is important to ascertain the 
Hnrions of those frequenting the waters of the main 
fMnii er of any of its afflueuts, before commencing any 
grka for the improvement of either the former or the latter. 
In many in stances itwill be found suQicieut for all ordinary j 
irpeiea of navigation to regularize the outline of the bankJ 
I |g iba thalweg, so ae U> secure a uniform depth dU 
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■rnter, uxl m tneiom from «bn>[4 cbanges of dtndifl 
the pan of tli« dttnoel doM to tins bank. Tha tfl 

pMb Koold iben. oalunlif. In tumtd on the MStfl 

bat it b p«r)ups u necesasTf to laj dnwo » i gfl 

nil-, that a tantt)g-f«ih caght ft bo formed apm iha fl 

otider tbe preiailing wind. Tlie coudiltons reali? AH 

Ihe detcnninttiini of its posilioD are that tlie heiiUgll 

1 Bs direct a Uiie as possible, and tliat there li^| 

r impedimenls to the passage of Uie ropes. It a^j 

Kional); happen that a second towing^Mtb is reqaindH 

memUj' Gpeoking, in these cases tlie width need DOt^H 

niC'half of that of ihe principal path. Both of tltem^H 

i kept al such heights aa to allon of their being abo^f 

fwater line, so long as the narigation can be safely cufisfl 

r directly, however, the waters of a river rise to such il^| 

) to cause (he river to flow with a dangerous veloci^H 

idvisable that they become submersed, in order effectmH 

wrevent the bArgemen from attemptiug to proceed. H 

Tbe width of a towing-path is usually from Vi to IS J 

' tnooring-posts aro required on the opposite bank. In [Hfl 

under bridges the towing-path should be carried undfl 

land-arohcB, if possible, so as to obviate the neoeenfl 

detaching the tow-ropes. When it is not possible toH 

the path in tiiis position, it will be necessary to inMlfH 

into iho masonry of the bridge, or to place mooring-p^^ 

the banks, or to adopt some other method of attocllilH 

boats during the period that tbe tow-rope is being jH 

forward. fl 

But. in the oinjority of instances, it is necessary tofl 

more than merely construct towing-paths. The depth' 

e summer months is usually insufBcient to [ill 

the contiuuanoo of navigation ; in other seasons the reloc 

y bo too great; sometimes the thalweg may shift ftoni ' 

Hdo to tho other, or tlie banks may be exposed t" 

Requeiitly «iishcd away. Tbe Grst object to be obtainej 

uiiitain tlie river iu its bed, and to create 
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H of finch dimensiona as to eneuro, at the lowest vraters^l 
Bnt width and depth ; and the second, tfl regulate itgM 
Br Eo as to ensure favourable navigation iu either 1 
Bu. They may be obLomed, either by forming a seriea 1 
■hes of still water in the bed of Uie river itself, I 
■nicating nith one another by locks ; or by means of ti I 
B> canal; or occasionally by construcltug a secondaty 1 
■Bobmersible whenever the waters rise above certain I 
K levels. J 

Kb river flow under such circumstances aa to form a -J 
Kon of islands dividing its watere into two or mora 1 
Bes, advantage may he talieu of tliis circumstance to I 
Bnto the maia or navigable channel the waters usually I 
K in the subsidiary branches, by means of submersible I 
Bn by movable barrages. It is also possible to convert I 
Bin channel into a canal, by forming a lock at the I 
Kty of Buch a series of islands, and placing waste weira I 
Bie amall communicating channels between them. Such I 
Hirill also, of course, increase the depth of water reserved I 
Kgation, and destroy any injurious velocity of the main I 
K> hut even when it, is found inexpedient to construct I 
Hrka of this class, the fact of conlining a stream within I 
Bar channel, and thus concentrating its scouring action, I 
Wider great service by eventually lowering the bed ofl 

Ke river suddenly diminish in depth on account of the I 
Big of its bed, it may be improved by contracting the I 
E the manner to ho varied according to local circum- I 
B- Thus, ia the case of the Midooze, a river falling J 
Be Adour, in the south of France, the widening out of] 
■Bnnel in several of its bends was corrected very sue- J 
Biy by planting aquatic trees, such as nillows, osiers, 1 
BontLe banks, so as to leave a clear, regularly outlined, I 
Bray, at the same lirae that ail reefs or other projeoj 
Bi the channel were removed. When the velocity ofl 
leam ia small, tliis system appeal's to answer very weiyfl 
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t i4 t,t.« ni<-f 
\ fMhit itia almbJirj>' 

I Mm Rfitin art rarriml uut intii dif sueun. ft.t tl)« p 
giving rJna to rAnoH ponding pools of Edll wster in 
•lit' trt gravvl iiDirled down nu;r b« defwiud. Thwi 
I ht fMt< urn inUtidud lo exercise tbe same influence n 
i ttfitm nf riv«n (hat grolna do upon the cnrrests of tl 
In liotli VMB*, ixiwever. tbeir useful efleot 1 
HiMtlnrinliln i llmi ii to loy, when curaparad iriih U 
in tiny are In olonn pruximlt; to ono another, the R 
iliL |irudu[;ed liy iIiubu iipura ia found to corrode th 
n k mHoiim innniier on lljo down side of the project! 
Diny nrn very cloia (ijj]athor, llieir developed lengdl f 
to I'd nfihT\y eqiiti] to tlint of the more lo^ctl bj 
tiitliiul I'liiiU: and in (he latter case, moreover,! 



■1 danger to be apprehended from tlie ohnnges of diri 

jirudncod by the irregular interferenceB with ths line 

■ 'iri-ent. Experience ftppeara to warrant the assertion of 

i.'>.'iieral rule, that the most effeotual method of deepening 

III il of iL river, and of regulating its flon, is to oonfine it 

■ LLii longitudinal bonks, whicli may occasionully require 

■ill openings or waste weire, so as lo allow anj sudden 

■I'la to tscape directly they attain a dangerous lieight. 

I .le suhraersihle hanks, or djkea, aa they are Bometimea 

: ij (and the name will be retnined for the purpose of 

' .■iiating more clearly the difference between the dykes and 

Imiks). may be executed either in rough blocks of atone, 

ini.Tete, of maeonry, of woodwork, of fascines, or of 

ii';ra filled with gravel or with rubble-atoue. The feet of 

ii.iiilfs may also be protected in the same manner; and if 

jiortion extend much below the permanent water-hue, a 

iiiiiation of several of the above eyftems may be employed, 

I ihe caae of the banks of the Rhine. In aimost every 

huwever, the determining motive in the choice of 

I oiis is lo be found in their relative cost. As the two 

s of works, viz., those for the defence of the banks and 

L^iinstructiou of the dykes, are so nearly identical, the 

r:ption of the former, by far the moat important, will be 

ij in iho greatest detail. 

!■; rubble facing of river banks may bo resorted to when 

■ ■ is plentiful and at a very low cost, for it ia to be 

i-.Rd thai the quantities required are very considerable. 

peculiar advantage of this system is tiiat the rubble 

/ slides down into any place where tlio water has attacked 

imdermined the banks; and it may be executed under 

'St every condition of the level of the water in the river. 

largest stones which it is possible to obtain ought to be 

.'I'.ij'ecl, because they are displaced with the greatest 

liliy. The slopes, when fioished, should be dressed 

■iibly smoothly to a minimum inclination of IJto ' 



thickness mual d^peud upon the nature of Ike 
supported, and tho degree of erosion it is reqaifsd 
pensate. 

When stone U dear, the elopes msj' be pitdu 
portion above the usual eummer level ; this pitcM 
ever, does not support the banks, but only serves 
them agunst any erosive action of the correuts or t 
ice. In the execution of this pitching the most 
part is to he found in the foundations, nhich most 
resist the undermining effects of the ourreot. I 
and sides of the river be of a solid uatare, loose mbU 
employed ; but if they be of a 
nature to yield easily, it may 
ba necessary to defend the 
feet by n single, or even hy a 
double, row of piles; the 
woodwork being kept as low 
as possible in all cases. The 
inclination may vary from 
1 to I, to 3 to 1 ; the longer 
slopes requiring a less thick- 
ness of pitching, and resisting 
the aciion of the currents 
more effectually ; at the Bame 
time they will he found to 
carry waves to n higher point, 
if the river be sufficiently 
wide to allow of their forma- 
tion. The thickness will be 
regulated by the rale of in- 
clination and the force of the 
currents: but it ia usually 
from a to 14 inches at the 
fc, summit, and increases at 
t the rate of 1 inch to 
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o( MUitiaaal deptli. 

: water lioea, tbe coorsea should ba 
-or, at tnj nte, Uwj sbaoU net pfesene their 
tity for aoy great Astsnoe. 
toaj be protected tmm the e&cts of ft Baddeo flood. 
tditj of executioD is desired, hj meaBi of a limber 
puide piles are driven, either venicalljr or iu bu 

[>sttion ; tbe; are coonected at the top Lj whalesi 

B itiBide the; are liued bf planks laid harixontallj, 

1 b; earth. This 




the banks of 

id in Borae of the Atlantic c 

On the banks of the upper Po, i 




I 



defeoces naa introduoed by an ItatUu CDginwr. uf tbe at 
of Magistrini, wbioh lias answered Tery well ia every k 
where it lins beeu employed, for ihe piirpcise of turnini 
any current acting upon pwyecling spurs or abrupt 6 
tiie river banks. 
The Piedmontese enginoera havs aUo endekTouitd U 
uce a system of defence walls consistiag of I 
I prieiDs of concrete, dressed eventually to a slope of 1 
the liorizoDtal line. In other cases, as upon the ban^^ 
■Medway, river walls have heea eieculed by forming a 
bed of concrete, which k further protected by ruhW* 
pavement, tied down by a aeries of stakes driven Ud 
bank itself. 

Fascines are formed by tying together a gnat n 
small twigs of brushwood, laid longitudi Daily, by othe 
placed at intervals vatying with the diameter. 
ought to be from five to six years' growth, the «U)all n 
ends being respectively kept in the same direction, &i 
two'thirds of the total quantity used in a fascine liuti 
&omoneend to the other, nor should any twig exceed 1« 
in diameter. Small fascines are from 5 feet to feet ft 
long, and about from 1 foot G inches to 3 feet 6 inches i^ 
at the large end. In Flanders and Holland the I 
usually made from 8 to 13 feet, and the girth in th 
from 1 foot 1 inches to 1 foot 8 indies; and upon t 
Hhine the length is made from 13 to 16 feet, with a g 
from 3 feet inches to 5 feet 6 inches at the 
from 1 foot 8 inches to 1 foot 10 inches at the i 
Sometimes the fascines are tied together at the ends 
the small extremity at one may join the large ejitr 
the other, nad the name of " sausage." or " f 
to the assemblage. Military engineers make their 6 
about aO feet long, and 3 feet in girth on Iho n 
at distances of from 1 foot to 1 foot inches ; in 3 
the gabions are made from M to S7 feet long, fi 
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||l to 1 foot -6 inches in girth, and nitk bands at every ' 
B apart; and upon the Upper Khiiie the gabions are 1 

n S feet li iiiclies to 9 feet 4 inches in girth. 
Planders and Holland, trben a bank is to be protected ] 
ea, if the corroaion take place above the ordinary . 
!, nnd the natural slope of the ground below be such 
Ipport the weight of the bank, the fascines are laid in 

1 courees, ivith the small end towards the land and I 
t end to the water. The ends of every succeeding 
1 set back from the line of the lajer below 
Ibrm a regular baiter, and tbe whole bodj ii 
r by means of stakes 4 feet long driven through each i 
i placed. The Leads of these stakes prqject I 
8 Inches, and they are lied together by hoops pass- ' 
Uely in and outside of the heads. Grovel, clay, sand, 
t, are then firmly rammed upon the fascines, so that 
ace becomes perfectly level before proceeding to 
jother layer. The hatter of a slope thus built up in 
Imay vary from ^ and | to 1 base to 1 in height. 
\ tli6 bank is corroded below the ordinary water line, 

I usnally adopted is, to form a species of raft of J 

I Btrongly tied together and fixed into the banks by I 

mth their enJa projeeting into the stream. Other 1 

I placed upon these in a direction parallel to the > 

IS alternately crossing one another i 
e t^C, but presenting always at the river end their | 
ft extremity, are laid upon this description of grating, 
nl layers of fascines are joined together by stakea, 
Irhich bands are placed as before, and the whole J 
p is sunk by being loaded with gravel or stones, forto- J 
t, a species of elastic niatlass adapting itself to tti^J 
r-bed. The force and velocity of the cat 
b a certain extent the i-esistauce of the gabions j a 
dlla reason that in the districts of the Upper I 
iona given to the galjiona nre gi-eater ihttn t 
mhere the river rung more sluggishly. 






pw BTmnfKsre op ^^H 

I Upon the biuiks of the Rbioe paiuiiera filled with glMH 

I are occasioniJly employed. They ore formed gf oBi^^f 

I «illoW'ttt-igs woveu together in the form of hsskela, ^^M 

^ 6 feet Q inches long by 3 feet 4 inches high end 2 fee^^H 

when rectaugular ; the length is tnode about 7 feet vll^^H 

panniera are triangulai', the sides measuring i feet 4 i^^H 

when thej are circular, the length is mnde 10 feet. >^^H 

girth about T feet. These paoniera are thrown dovsi^^l 

f timea at random ; at others they are sunk over ths po^^l 

I tbeyareintendeddefinitively to occupy, and fastened bf^^l 

of atukes. In sereral instances, large hollows in the|^^| 

of rivers in these districta are filled in nitb ponnien^^H 

above description, and the upper surface is further pn^^H 

^_ by means of a pitched atone slope laid in the usual mai^^H 

^h The use of fascines can. however, only be recommen^^H 

^H couutriea where more durable materials ore extremely J^^H 

^^L Bive, or where great rapidity of execution is required. ^^M 

^^ft are exposed to very rapid decay, and to the attacks of ^^M 

^^K rous animals, f n Euglaud, they are hardly ever emplo^^H 

^^P other than the Royal Engineers ; and it is in Hollaiia^l 

^V that they are habitually employed in the formadon of N^| 

^H tudinal aubmersihle dykes for the regulation of the (diia^| 

^V of rivers. Whatever description of material be adopte^^H 

most important point to be observed is, tliat the work to4ll 

defence of a bank should ha executed with the greatest lapilj 

ity, and before the corrosions can attain any dangerous gi^HH 

IT^hiuh might allow the formation of any secondaiy l^i^^H 
or any permanent alteration in the regime of the river.^^H 
In all works intended to improve the navigabflitJ^^H 
river, extreme care is required in attempting to at^^H 
natural conditions, whether of width or of depth, becaq^^| 
results of any interference with them are always very^^f 
tain. It is preferable at eil timea to n^aiutain llls^^| 
within the limits nature appears to have traced for >^^^| 
its normal flow, rather tWn to i;nd.ea.voar to introdaa^^H 
aiodiiications, oven tAiough \hcy too.^ c^^ftM. ■\a^'l W^H 
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1 eeveral inBtitnces, vhea it bas been attempted I 
i tbe course of rivers by diverting them into new an 

1, tbe vrater has eventuallj formed for itself a I 
Kof prociselj tbe snme character as the original oue. j 
g particularly true with rivers that run upon o sandy I 
Ven tbey follow a siououa bne, and it is attempted to I 
\ the distance between any of the principal beds ; for I 
Biteat inequality in the resistance of either tbe bed or I 
tanks will give rise to currents such as are able to I 
w works. It may be laid ,down as a law, that I 
bghteuing of the bed of a river is only to be effected | 
^ted extent, one which will depend upon tbe nature of fl 
periatB over M'hicb it Sows, and the volume of water I 



) possible to improve the navigability of a ri 
[by dredging, or by the closing up of the secondary I 
Js, without resorting to the construction of submer- ' 
Hkes ; and at almost all times those operations are j 
I of advantage, if executed with proper precautions. I 
ing rany be resorted to, for the removal of any I 
a that portion of the course of a river where tbe ni 

ed to take place. But in some cases, as, for I 
n, when tbe water is kept back in a series of pools by 1 
f such shoals, their removal may be attended by the | 
g[ of the water line in all the upper parts of tbe river. ' 
^ture and mode of formation of such shoals m 
refully ascertained before an attempt is m: 
)ne Ibem. 

ising the small branches which run between tbe snb- t 
lialandB so frequently to bo met with in rivers, the I 
nsually adopted is, to carry out the dam from either I 

a the center. In proportion aa the dam advan 
krway becomes contracted, and natnrally the veloe 

led to such an extent as to render tbe closing of tbe ] 
f portion a very difBcult operation, because the bed is 
JA and tbe materials thrown in are oSien wctwi w«q I 
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{mmediatolj. SomMJines ibo Bperlara ts dosed ^^H 
Ljtilee in front of it. between which hurdles an plnoMl M^^ 
rdlminiBb tbecurrenl; «>metimes sheet piling iailnnS(H 
, oocHsionftlly old boats or pantoons lailen witli earth or riH 
are sunk. Under all oircomBtances. it is iieee*Mt^^| 
the materials required to carry the dnm up to iu full l^H 
should be prepared beforehand, so that no opening shoi^H 
left through nhich the water should flow. Iiooto i^H 
stone dams are used in some places, and they beconteV^H 
ally watertight by the deposition of the mud nn^H 
brought donn by floods. Fascines are used in otlier ^H 
either by being thrown down at random, or by beii^ *'^| 
large rafts in the numner adopted in Holland and Flun^H 
Tbo best position of the dam closing such small Ib^^| 
U a subject of some obscurity. When it is placed it^l 
Stderable dietanoe below the point of bifurcation, tbv^H 
beoomes stagnant before arriving at the dam and depwflM 
Bilt reijuired to render it watertight. When it is placed clux 
to the point of bifurcation, the currents and floatiu^ mtn 
likely to damage its construction; and moreover tbe )':n;ili 
in Bucb positions is considerably increesed. The oidy fi'' 
lal rule appears to be, that the dam should be ploi'ed eui^i 
ently near, but below the extremity of the island, to allowi:' 
alluvial deposit to reach it easily. 

A very important observation is to be made with reapwi ' 
the diversion of the waters of secondary branches into "■■■ 
main stream ; namely, that the depth of the latter nill i 
but slightly increased if the river flow freely, becsust' 
Tolume of water discharged increases more rapidly than t" 
height. Observatioiis upon the meeting of rivers { 
attention originally to this law, and theoretical r 
firms it. Some interesting facts connected with t 
[will be cited hereafter; but it may he now observed t 
I'ect of any dam or dyke nhtcb offers an obstacle H^ 
to produce a contraction of the waterway, oi 
plane of the water to rise on the up side and to lowBrM 
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The incliuation of the surface in the portion ea 

ted is natorally increased, and it is possible that ib 

D to such an extent as to interfere serioasly nith tha 

ban. If the bed of the riyer itself be of a light and 

ui?ed nature, it is equally possible that the increased 

■ of the current may deepen it; but, under ordinary 

iQces, the materials thus removed are only displi 

6 deposited in the lower part of the course, where 

r in fact begins again to widen out to its natural di- 

The practical rules usually admitted by engineers 

onneoted with the narrowing of rivers for the 

I increasing the depth may ha briefly stated t^ be aa 

Lb longitudinal dykes should never be carried to a 

■flboTe the mean leyel of the water in the river; 

l^ght above low summer water level is 3 feet; diuring 

Ihoy should be entirely under water. 3. The Telooities 

&rent channels vary in the inverse ratio of the Cuba 

[ th^ widths. 8. The cubes of tlie heights are in 

3 ratio of the widths of the beds. 4. As much as 

p it is advisable to preserve the natural waterway, and 

s the capacity of the narrowed pass equal to that of 

1 such porliona as are free from irregu- 

If it be necessary to displace the river, it should 

a preference, to the bank or portion of the chan- 

ftt likely t^j yield to the scouring action of the waters. 

Wtantion of engineers was called to the peculiar phe- 

k connected with the junction of rivers by a very re^ 

pe letter or report by Gennet^, an Italian engineer, 

d to M. de Raet, burgomaster of the oity of Leyden, 

Kthe year 1TS5. In this letter he showed that a large 

"ttteroourse could receive all the water brought into it by an 

Affluent of considerable volume, without any sensible augraen- 

ii'n of the height of the water Ibie, or without any increase 

ii,(. width of the bed, The reason he assigned for this 

..1^. that at the same time that the volume was increased ihs 
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^Hfiifl Riud of Ihci Sein(< aliove Paris, thfl waters npan tliiia 

^Hbank are charged with the fslcAreous ealts broughLdewafl 

^^»tii« upper v&llej of the principal riT«r, whilst those rijiUM 

^Vleft bank are charged with the magneeian salts uil 

earthy matters brought dovra from the valley of the Ma 

This fact is. perhaps, more diatitictly marked upou ths BM 

of the great lakes and of the oceaD ; for iho maddj iratM 

the Khine may be distingoiahed from the deep>blne van 

the Lake of Geneva, and the stream of the AmaaoDinn 

traced in the Atkntic. at distances, in both cases, far md 

from the pointa of their embouchures. m 

A cursory examiuntinit of a map will ahow that tlin 

which appears to regulate the formation of the deltas arfl 

Iidal deposita at the mouth of all (jreat rivers is, tlutfl 
divide into a seriefi of subsidiary branch^ before f^ii(;>l 
the sea, and that they almost always project beyond ^uM 
lA the sen-shore, forming, as it -were, projecting promend 
of a rounded outtine conuected with tlie original liol 
coast: tho Volga, Danube, Rhine, Rhone, Fo, Nile, ufl 
Mississippi, Ganges, Irrawaddy, &c., may be uientionedasil 
trationa. The lands around these deltas are Bat and Hani 
andconsiat of sand and mud ; the channels winding thm 
them are shallow, and exposed to change in their difM 
and volume without any apparent cause. The rata of fl 
fiition depends upou ciroumstaitces equally beyond ocol 
calculation, and varies in every particular river. I 

The formation of these deltas arises from the depoailw 
the matters brought down from the upper portions t£M 
river courses, caused by the difference in the specific gnifl 
of the fresh and salt waters, and the annihilation DiC'l 
onward movement of the former by the tides or the iilM 
currents of the latter. The tendency to the depesitim 
^ alluvions is also increased by the diminished incliuatioafl 
^Lvelocity of the rivers near their mouths, and in some sfl 
^Rfcis dimination is enSicieiit W ctiufA i\ie rivers to ovetl 
rifie landa above the de\ta ilaeW, 6Q iva \q xtf&iat \\.^-ffiafl 



a its precise limita. The formation of the euhsidiaiy 
B noticed in the deltas is to be attributed to the n 
e Waters in the main channel, and thej are the most 
the deltas which advance with the greatest 
ipidity and occupy (he grealest areas. But if the littoral 
UTrent run with great velocity and transport acj alluvio. 
'ill give rise to bars at the mouth of the branches ; if it be 
Ke from alluvions, it will dispcrae the materials it may 
•Uth from the extremities of the deposit, or, deflecting the 
Be of outflow of the river, it will givo rise to a delta 
>ll9wing the direction of the resultant of the two fc 
iMMioually also the tidal waves wUI give rise to a bar across 
)» mouths of the branches at the points where they begin to 
ffutreliza the outward flow of the soft water. 
The majority of the English rivers fall into the sea at the 
Worn of large open lays, and in those cases the deposition 
I the fresh and salt water alluvions takes place in the form 
I banks or shoals in those portions of the bay where the 
BpeetiTe currents of the sea and of the river meet. These 
lo»]s vary constantly in their outline and position in such 
''"rg ng the Thames and the Severn, and in the Seine 
I , and Garonne in France ; and form very serious impedi- 
- to ibe navigation. In many other cases, as in the 
L'j upon the Suffolk and Norfolk coast, and upon the 
'Uihem shores of England, the deposits take place ac; 
le mouths of tha rivers, according to the law noticed in 
St paragraph. But it is to be observed that, although these 
us diminish the depth of water immediately over them, the 
rer above may often refain a very considerable depth ; 
deed the effect of the bar is often precisely analogous to 
U of a dam. Thus, the Rbone has rarely a depth of n 
■a H feet f> inches in the passes of ila delta, whilst at Arlea 
1 Jepth is not less than 43 feet. At the mouth of the Po 
^ 'lano the pass has only a depth of H feet 6 inches, whilst 
t .icveu miles further up the depth ia not lesa than 10 faatv 
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[anil ibo samo fact hua been observed at > '*''oo tUtch^^H 
a/iilb and of tbe Mississippi, but to a far greatti K^oo- ^^H 
I At the Junction of streams in the interior, the j'^M^^^ 
^omena mny be observed to tAlie place as those ~''-''' ^^M 
1>eeu already noticed Ets occurring on the sea-shoii. n^it^^H 
«f course upon a very diminutive scale. Should .n' t^^l 
confluents brii)|T down much ailavial matter, anu ilu*.^^| 
Nsousiderable velocity into a stream of a different cbarsote^^H 
Ueposit mny talie place either in the fan-like ehape of &^^| 
Mr as a bar ; and in the former case it is pos^ble tia^^l 
utream may divide into a number of branches, whilsCi^^H 
Hatter the relative depths of water over the bar andab^^f 
pjoay present all the essential conditions of those cora^^H 
tvith rivers dischsi'ging into the sea. But the absence ^^H 
itidal aotioQ gievs a greater fixedness and eimplicity o^^H 
fneter to the manner in which these deposits are efiecte^^H 
Tjonsequently allow of their being treated with greater 1|^B 
parative facility, whenever it is desired to improve the naT^^I^ 
tion of a river previously obstructed by them. Botitnunt I 
always be home in mind, whether it be a question of combsi- ' 
ing ihe natural operations of the laws affecting tbe Ann "' 
large or of small streams, whether strictly inland or in t--' 
ariea, that unless some other natural law of the same di'- 
be made to counteract the particular one producing the ain'' 
it is desired to remedy, all engineering contrivances or ii: 
ohanical operations will either be vain, or at most prodni. 
bat a temporary effect. Nature must, in fact, be made to (-n 
rect itself. 

If, therefore, it be desired t« obviate the inconyeniein" 
arising from tbe deposition of tbe alluvial matter across 'li ' 
embouchure of an affluent into a greater stream, and ll' ■ 
deposition be found to be caused by the annihilation of 'l!' 
velocity of the affluent, in consequence of tbe greater velnfi'' 
of the main stream, the only effectual mode of procee^i" 
"would be, to increase tbe velocity of the affluent by diraini-'' 




bw durilW|)erhnps, if it follow a, devious course, by 

I ft.;DfTd fall by means of a new and shorter channel, 

lea tof'i also, in some cases, be possible to effect the desired 

T fftrmicg an artificia! embouchure at some other 

,1 the r.ier, where the regime of the main stream might 

' ,■ different. But whatever precise details he adopted, 

. ..i;.^L reijive themselves finally into the means of se- 

iiiig an equality of velocity in the conflueut rivers, and so 

irecting the respective ases of their flow as to prevent the 

lieam of the one from setting across the line of the other. 

Should the deposit assume the form of an ordinaij delta, 

id give rise to a subdivision of either or both the rivers 

ito a series of email branches, the best course to adopt is, to 

irm new beds for the waters brought down, of such sectional 

—n and inclination as to ensure the meeting of the respec- 

5lreams under those conditions which would allow the 

J. lal matters to deposit ihemselves upon lines of direction 

K-ponding with the resultant of the two new channels. 

Ii^ tongue of land thus formed would continue to advance, 

■ mid he necessary to provide for the inevitable changes it 

ill! superinduce upon the point of junction. 

' "A the sea-coast, if it be desired to lower the water line in 

Irauchea of a delta, Genaete's experiments, and all sub- 

'iniiiit experience, show that the most efficient method of 

pTQceeding is, to increase the velocity of (low by causing a 

jraater volume of water to pass through a given channel in 

iiesame period of time, rather than by increasing the surface 

' ]]? waterway. This is especially tlie case when the bottom 

:lji' river is composed of a material capable of being easily 

iiiuved, because the bed itself will be lowered in constiquence 

f the increased transporting power of the water. Evidently 

oen, in such positions, the width of the subsidiary channeli 

I the only element which is susceptible of modificaiion by 

■tifidal means, at least economically, and it should in all 

uesbe reduced as much as possible. All tbe small branches 

Bm conveniently be suppressed should be closed, so as 
: 
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U> concentrate all the action of the water a'^-^n tin t\ 
it is proposed to retain for the purposes of navlg^tioii. 
remarks are principally made nitb reference to tidei!c« 
the differE'nce in the ejstem to be adopted where the : 
the tides is considerable is substantially unimportant, U 
be mentioned hereafter. 

In the case of a bar formed across the mouth of a ri 
the 'sea-sfaore, human means are almost poweriese 
Utloral current bringing the alluvions be strong, i 
susceptible of being diverted. To a certain extent it 
eible to augment the depth of water above the bar by el 
trating the outflow of the river, and guiding it by tt 
parallel banks in such a manner as to direct the » 
Bctiou of the land water bo that it should remove the d 
either into the deep sea or agaia into the littoral a 
nliioh should earry them further on. But the success 
measures will only be temporary, and the history of tl 
of Rye, Dunkirk. Aigues-Morte. and others, show tl 
hopeless to endeavour to struggle against the ceoselei 
wearying operations of nature. New channels may ba a 
out through a bar, and for a time kept clear by the « 
the upland waters and by dredging : but sooner or Ii 
angle between the origiual outline of the bar and the jj 
tion of the new channel becomes filled in, and if the Hi 
current should not then be able to sweep off theil 
curried to the front of the pass, the bar will begin to 
The pass or chaimel must then be carried further 01 
sea, or kept open artificially at a constant and exeeaurt 
It is possible to direct the tidal action in some positto 
as to produce considerable in edifications in the ordinal 
affecting bars, in the following manner — -which is ap] 
to either of the cases connected with the entrances to 
hitherto considered. 

the lower zones of rivers exposed to tidal actii 
depth of the navigable channel may be increased by cand 
of water to enter with the flood, anA a 



^^ depth I 
Khrger 



w during tbe ebb within the limita of the chfttinel. 

R river divide into several brancheB, the subEidiary 

y ba closed by meaas of dams, with elaices opening 

h the flood, and eo arraoged that the water thus in- 

B into the eecondary channels shall be forced to escape 

it is proposed to deepen. This object may also 

r be effected by causing the secondary channels to 

r supplies from the principal one at some point on 

l^tream ; but it will generally be found that in auob 

I velocity of the ebb tide will ho incouveniently 

f the ordinary purposes of navigation. In fact the 

y channels would become aiuicea, whose waters would 

pass. The advantage proposed to be gained 

s is to be found in the fact that a large quan- 

ttter is forced to flow through a narrow chancel, and 

i^ly is consequently increased, thereby enabling the 

lOve the lighter materials of which its bed ia com- 

t the whole success of works intended to produce 

ults must depend upon the relative proportion of 

r which can ho made to enter, or upon the increase 

r in the outflowing stream. It follows, therefore, 

k diminution of the water surface at high tide is likely 

leeriouely the power of a river to maintain a clear 

s channel, unless the latter he contracted at the same 

L eorreapondiug degree. 

bsnlts obtained at Nieuwe Diep, upon tbe Clyde, the 
\ Thftmes, and the Seine, confirm what has been 
ted ; and, moreover, the practical deductions to be 
t tbam appeal' also to warrant the asaertion that it 
tbie to obtain the increased scouring action of the 
g the water to flow to a higher point in the river, 
1 to aUow it to spread near the embouchure. The 
Nieuwe I>iep have already been des^cribed ; those 
i and the Dee aud the Ribble have 
ion of longitudinal dykes parallel to tl 

g the stream within a narrow channel dui 
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Itt'J ItODIllEKTS 01' ^H 

the Utter portion ot tlte ebb, and iu ilie removal of ob^H 

L tJons to the propagation of the tide nave tu a greater iUfllfl 

[ from the cmliouchure than it bad previotnl; attainel^fl 

[ the Thamea, t)ie romoval of the Old London Bridge, i^B 

[ acted ss a dam to the tide, has been attended bj an bolfl 

j» the duration of the flood, and an increase of depth atw 

vater varying from 1 foot 8 inches at Teddington to BjlH 

I 7 feet at Dlackfriara Bridge. In the Seine, tlie c.-onC8ii^| 

I of the tidal action, bjr means of tbe Interal banks ltle]jf^^| 

[ between Cnudebec, Villequier, and QuUlebteuf, hnsde^H 

I the river a little more than 9 feet, partially deatroyM^ 

bore, and increased tbe duration of tbe flood tide oiut liODT. 

' Nor doea there appear to be any reason why these resulu, » 

advantageous to tbe interests of commerce, should mA '■' 

furllier developed, if the e\iatiug obstacles to the prnpagu''' 

of tbe tide wave into the interior were removed upon thi: i. 

last-named rivers. 

Precisely opposite reaults bave attended the diminuliLir. ■ 
the scouring reservoirs naturally existing beyond the cluui ■ 
of tbe port of Ostend. The marshes or low lands, il/ 
flooded at every bigh tide, bave been gradually recloin. 
and as tbe channel ivo3 not carried further up iuto the o- 
try, so as to cieate an artificial backwater whose coodiii 
of discharge should replace those under which the waters i > 
the low lands escaped, the ailt brought into tlio mouth uf '■- 
harbour by the littoral current has considerably dimini;'' 
the depth in the entrance Dredging and sluicing bave (- 
resorted to m ^ain, although conducted with all the prjiil 
skill and persevencg energy of- the Dutch and Belgiwi iv. 
ir, however powerful the effects of sluices mai 
they are far inferior to those of ihe alternate currents ti ■ 

lid ebb tides spreading over large spaces. Greai 
cumspection must therefore be exercised, and long. elnbLifi. 
and skilful investigation made, before any port or ri^ff 
deprived of the scouring action of the tides. Tbe alli^' 
deposits may perhaps tend naturally to diminish or to de''-'' 



s action ; but it must be retained a& long as possible, and 
- efforts directed at all times rather to increase than to 
■'iiish its power, 
iiLiilly, it cannot be too often repeated that, before under- 
lie; any works which may interfere with naturaJ causes so 
, Iji-ated and so numerous as those nhich affect all river 
' .1 engineering, the most cautious, patient, and at the same 
camprehe naive view of the whole subject must be taken. 
1j..: whole range of professional practice the questions con- 
1 vvith liydraiilic engineering are the most abstruse, and 
.:iL^ the assistance of all the collateral sciences, and the 

■ imdest acquaintance with the great laws of nature affeot- 
lIir contiguration of the globe. Empirical knowledge is 
if little service, and the local engineer, if devoid entirely 

iiinry. is as likely to fall into serious error as to bit upon 

iruth, by trusting alone to his limited experience. And 
upon this score that we may account for the fearful waste i 

: unoy, and the ruin of many ports, which have been en- 1 
I li to the care of those whom it is too much the fashion 

^liiuire in our own country under the specious title of 
I'tical men." Extremes are dangerous in all things; 
ii must be understood that, whilst thus advocating the I 
-•.ity for wider and more theoretically-scientific exami- , 

■ 11 of the circumstances affecting the sites of any proposed i 
I mlic works, due appreciation is accorded to the value of 

:l experience. Theoiy, practice, and science must mutually 

■ nuight to bear in all such cases, and the more of all of I 
■1 the better. No one alone will suffice. 

I]'! only asioms which can be safely laid down are: — 

■ Tliat no change should be introduced in the natural 
me of either rivers or the sea, unless absolutely neoeBsary. | 

That all our efforts should be directed to bending the J 

■ ts of nature so as to ensure their co-operation in bringing I 
!( the slate of things wo desire to secure. The motto of j 
livdraulic engineer should be that placed by Leupold at J 

*-■ head of his '■ Theatrura Machinarum Hydraulicum : " ^1 
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0-003509 


l-OSSi 0-036917 


0-009807 


0038438 


0003988 


i-iaa 


0039747 


0003190 


0-027271 


0-004501 


1-250 


0-049810 


0003601 


'O-0a9081 


0-n05034 


1-383 


0-046439 


0004037 


0030899 


0-005594 


1-416 


0-048969 


0-004475 


■0-0337S5 


0-00fll88 


1-800 


0-051132 


0-004950 


0-034830 


0006900 


1-583 


0053969 


0-005440 


tl03e347 


0-007438 


1-606 


0-U56T91 


0005981 


,«-088179 

|t)-0418u0 
l>-04S634 


0-008111 

0-008801 
0-009517 
0-010268 


1-750 
1-833 
1-910 
S-000 


0-0596S4 
0-002484 
0-O65313 
0-008176 


0-006489 
0-007041 
0-00T613 
0-008214 


;«046444 


0-011034 


2-083 


0-071006 


0-008827 


'0047aB5 


0-011820 


2166 


0-073835 


O-O0940O 


O-O49087 


012052 


2-260 


0-070098 


0010131 


0-06O80B 


0U13493 


2-333 


0-079528 


0-ni0795 


«-06a709 


0-OU359 


9-116 


0-082367 


0-O11487 


0-094542 


0-015263 


a-500 


0085290 


0012209 


«-()8fl353 


0-016177 


9-583 


0-088050 


0-019941 


0-098163 


0-017116 


2-660 


0-090870 


0-013693 


6*086696 
ISJ61807 


O-018O93 
0019083 


2-750 
3-833 


0-093749 
0-000572 


0-014475 
0-018965 


)-063617 


0-020095 


9-910 


O-O0O1O1 


016076 


J-00S450 0-031140 j 9-000 \ Q-\OSiaM\ vs-(i\WrfjH 


: M 



p 


AFPESDnC. 


^H 






TABLE m—i-mtiMM^ H 


- 


Diunetw, 3 000 la. 
Aim, T-M86 in. 


Ai«>. 9-nil in. H 


Ydocitj 


QoMtity. 


LoMoTbBld 

prfooL 


Telocity 

ptr 
Mcond. 


QuMiti^. 




I-ono 


0-049087 


0-002038 


1-000 


0066818 






1-083 


0-053162 


002339 


1083 


0-073359 






Vim 


0-0S7a3O 


0-002((58 


1166 


0077904 






1250 


061359 


0-003001 


1-250 


0*083516 






1-333 


0065483 


0003356 


1-333 


0B9062 






1410 


0-069508 


0003739 


1-416 


0094607 






I'BOO 


0078631 


0-004125 


1-500 


oiooaao 






1588 


0077705 


0-004S33 


1-583 


0105765 






1-666 


031780 


0-004959 


1006 


o-uiaii 






1-760 


0-085903 


0-005408 


1-750 


0118938 






1-83S 


0-0S9977 


0-005867 


1-833 


0-1224M 






l'(116 


0-094053 


0006344 


1016 


0-1880U 






2 000 


0-098175 


0-006845 


aooo 


0183636 






2-083 


0-102249 


0-007356 


2-083 


0-139173 






2-166 


0-1003a3 


0007884 


2-166 


0144717 






3-250 


0-110447 


0-008435 


a-350 


0150330 




' 


2-333 


0114531 


0-008996 


2-333 


155676 






3-41(1 


0-118695 


0-009572 


2-416 


O'lfll4ao 






2-QOO 


012S719 


0-010174 


2-500 


0-167038 






2-583 


0-126793 


0-010784 


3-583 


0-172578 






3-666 


0-130807 


0011411 


2-606 


0-176124 






2-750 


0-134900 


0-012062 


2-750 


0-183730 






2-833 


O-180OO5 


012721 


3-B33 


0- 189282 






2-910 


0-143139 


0-013396 


2-916 


0-19482T 






3-000 


0-147-262 


0-014007 


8-000 


0-900439 




J 



■ TABLE III 


—ctHitinneil ^ 


HbmfUr, i-mO in. 
Hiea, 1S'S66 m. 


DiBiBoter, i-500 in. 1 
Area, 15-901 Id. I 




Qnanlily. 


Lqb) of hesd 


Velocitr 

pec 
leeond. 


Quanlily. 


Louoffaead 


00 


O-0S7264 


0-001529 


1-000 


0-110444 


0001358 


63 


0-094607 


0-001755 


1-0S3 


0-119611 


0-001569 


B6 


0-101750 


0-001994 


1-166 


0-138778 


0-001772 


60 


0-109080 


0-002350 


1-250 


0-138055 


0-002000 


B3 


0-11 6.123 


0-002517 


1-333 


0-147222 


0-002235 


16 


U-I23560 


0-002797 


1-416 


0-150300 


0-003485 


BO 


0-130896 


0-003094 


1-500 


0-105667] 0-002747 I 


S3 


0-138139 


0-003400 


1-583 


0-174834 j 0-003019 | 


B6 


0-li5383 


0-003719 


1-666 


0-184000 


0-003305 


50 


0-152712 


0-004056 


1-750 


0-193278 


0-003600 


33 


0-150(154 


0004401 


1-833 


0-202445 


0-003908 


16 


0-107198 


0-004758 


1-916 


0-211611 


0-004338 


OO 


0-174528 


0-005134 


2-000 


0-220689 


0-004559 


33 


0-18IT70 


0-005517 


2-0^ 


0-230056 


0-004898 


S6 


0-189014 


0-005913 


2-166 


0-239292 


0-005250 


HO 


0-196344 


0-006326 


2-250 


0-248500 


0-006617 


13 


0-203587 


0-006747 


2-333; 0-257667 


0-005991 


16 


0-210830 


0-007179 


2-416 


0-S66884 


0-006375 


>0 


0-218160 


0-00763 1 


2-500 


0-276111 


0-006776 


38 


0'aa5403 


0-008088 


2-583 


0-285278 


0-007182 


36 


0' 232640 


0-008558 


2-666 


0-294444 


0-007600 


50 


0-239070 


0-00B04T 


2-750 


0-303732 


0-008039 


33 


0-247218 


0-009541 


a-833 


0-312880 


0-008477 


le 


0-254461 


0-010047 


2-916 


0-322056 


0-008928 


30 


0'261792 


0-010573 


3-000 


0-331833 


0-009894 , 


1 


l— PAET II 




Jl 



r 


ApPEiroix. ^^^B 


1 




TABLB lU^^<min*ti. H 


1 


DkBala, GOOO in. 
Am, 19-«86 b. 


Duunetcr, 0-000 m.H 
Ann.ae-mii>. ■ 


Telodty 
P«r 


Quantity. 


LoM of head 
per foot. 


Velocity 


Qn«itiiy. 




i 


1-000 


0-136354 


O'ooiaas 


I'OOO 


0- 188847 




■ 


losa 


0-UT671 


0-OOH04 


1-083 


0-aifl«4i 




r 


1-160 


0-168989 


0-001595 


M«0 


0-288941 






i-gfio 


0' 170443 


0001800 


1-250 


0246434 






1-833 


0-181760 


0-009014 


■ ■383 


0-261731 






wie 


0-1(13077 


0-002237 


W18 


0-278028 






I-6f)0 


0-204531 


0-002475 


1-BOO 


0-394521 






I'Osa 


0'216848 


O-O0272O 


1-693 


0-310818 






1*860 


0-227166 


0-002975 


1-666 


0397114 






1-750 


0-2396^0 


0-003244 


1-750 


0-343608 






1-838 


0-249037 


0'00352O 


1-833 1 0-359904 




% 


1-916 


0-261954 


0-003807 


J-916 


0-376201 




■ 


2-noo 


0'272T08 


0'004107 


2-000 


0-892694 




■ 


2-088 


0'28403B 


0-004418 


2-083 


0-408991 




■ 


9-106 


0-295348 


0-004780 


2-166 


0-425368 




■ 


2-360 


0>3067fi7 


0-005061 


3-260 


0-441781 




■ 


a-333 


0'318tU 


O-OOB307 


a-333 


0-458078 




■ 


S-lIC 


0'329433 


0'005743 


3-416 


■474876 




p 


2'500 


0-34O865 


0006105 


2-500 


0-490868 






2-583 


0'352203 


0-006471 


a-583 


0-50TlBa 






2-666 


0'3635aO 


0'006846 


a'660 


0-523468 






2-7S0 


0-374074 


0-007237 


2-750 


0-589955 




■ 


2-833 


0>386a91 


0-007633 


2-833 


0-556251 




^■s-sm 


0-397609 


o-ooaoas 


2-916 


0-573348 




Kc. 


O'jogoea 


0'009458 


3-000 


0-580041 




Il J 



1 TABLE ni—roMUwd. 1 


BDwnetu, 7-000 in. 
Ki«a, aSiU in. 

w 


DIunsMr, S'OOO in. 1 
Aru, GO-aeS iD. 1 


Bd. 


Quantity. 


Lou of head 
p«i foot. 


Velocity 

.r.d. 


Qoaatiiy. 


Low 6f held 
p«i foDl. 


100 


o-267aao 


O-000873 


1-000 


0-340063 


0000764 


188 


O'saoisa 


0-001003 


1'083 


0-378035 


0-000877 


e« 


0311613 


0-001139 


M66 


0-407007 


0-000007 


150 


0-334063 


o-ooiase 


i-aso 


0-436328 


0-001125 


133 


0-356a44 


0001438 


1-333 


0-465300 


0-001856 


,16 


0-378428 


0'001598 


1-416 


C-494973 


0-001396 


lOb 


0-400875 


001767 


1-500 


0-538694 


0-001547 


.83 


0-423057 


0-001942 


1-683 


0-552660 


0001700 


166 


0-445238 


0002135 


1-066 


0-681638 


0-001859 


60 


0-467887 


0-002317 


1-750 


0-610859 


0003038 


183 


0-489869 


0-003514 


1-833 


0-639831 


0-003900 


118 


0-5ia051 


0-003719 


1-016 


0-668804 


0003370 


100 


0534600 


oooaeaa 


a-000 


0-698125 


0-003567 


63 


0-55668S 


0003163 


a -083 


0-727097 


0-0027 B8 


flfi 


0-578S63 


0003378 


aaae 


0-756068 


0-002058 


■It o-floiaia 


O'Ooaeu 


a-a5o 


0-785300 


0-003103 




0-633484 


0003856 


2'333 


0-814363 


003373 


10 


0-645670 


0'004102 


2-416 


0-343335 


0-008689 


00 


o-eeaiaa 


0'004300 


a-Boo 


0-8T2656 


0-008818 


68 


0-090307 


0004691 


a-583 


0-901638 


0004044 


66 


0-7ia488 


0004889 


a-666 


0-930600 


0-004379 


fiO 


0-734037 


0-005169 


3-750 


0-959021 


0-004533 


S3 


0-757118 


0-005451 


a -833 


0-988894 


0-004770 


le 


0-77B301 


0-005740 


' 2-916 


i-onseo 


0-005024 


00 


O-8OI70O 


0006041 


3-000 


r047l8T 


0-006286 


i 


L. 




' 


J 



MF 




APPEKDIX. 


^^ 


■ 






TABLE II 


— 1 


P 


a™, 63-flI7 in. 


Area, 7S-UD in. ^ 


Velodty 


QMnaiy. 


Lowofheri 

per foot 


Tcloeitr 


Qnimtilf, 


LoHofLo 


I'OOO 


0-441785 


0000679 


1-000 


0-545417 


0-ODoni 




1'083 


0-476453 


0000779 


1-083 


0-590686 


0-0007! 




1166 


0-S15121 


0-000886 


1-166 


0-635956 


0-Olli>T 




1250 


0-653231 


0-001000 


1-950 


0-681771 


Crmr 




1-333 


0-588890 


00011)7 


1-333 


0-727040 


0-OI>l,i' 


K 


Ml 6 


0-625567 


0-001S49 


1-416 


0-779310 


0-OOUl 


I 


I'SOO 


0-662677 


0-001374 


1-500 


0-818195 


0-00 la? 


W 


1-583 


0-698345 


0001509 


1-583 


0-36-3394 


0-00131 




1-006 


0-736013 


0001651 


1-666 


0-908664 


0-(lii| ■ 




]-760 


0-773123 


0-001800 


1-750 


0-954479 


O-Cni]' 




1-833 


0-809701 


0-001954 


1-833 


0-999749 


O-Oii). 




1-916 


0-846459 


0-0021 U 


1-916 


1-0450 IB 


0-i)(il 




Ji'OOO 


0-883570 


0-009279 


2-000 


1-090834 


0-Oivj 




2-083 


0-920237 


0-002449 


2-083 


1-136103 


O-Ilri . 




S'166 


0-956906 


0002695 


9-166 


1-131372 


O-Oii- 




3250 


0'9940]6 


0-002809 


2-250 


1-227187 


0-0. >■ 




a-335 


1-030084 


0002995 


2-333 


1-272457 


OOii- 




S'416 


1-007363 


0003187 


2-415 


1-317727 


(rm : 




2-500 


1-104462 


0-003388 


3-SOO 


1-363549 


O-O^i- 




3-583 


1-141180 


0003591 


3-683 


1-40881] 


O-O03i^ 




2-066 


M 77798 


0-003800 


2-666 


1-454081 


O'oowa 




2-750 


1-214908 


004019 


2-750 


1-499896 


o-ooafii 




3-838 


1-251576 


0004238 


2-833 


1-546105 


0-0<i:)^' 




a-916 


1-288244 


004464 


9-916 


1-690436 


0-UCi . 




8-O00 


1-326354 


0-004697 


3-000 


1-636250 


O-OOl-.'.' 




t 








^J 



r 


"!E!. 


US \ 


1 


TABLB ni.-con«nK«f. J 


IhuncteT, 11-000 in. 
■fcM.,9fi'033in. 


Duuaeter, 12-000 in. 1 
Arm, US'OST in. ■ 


i 


QonDtity. 


Ld» of llHIll 

pet ffxib 


Velonly 


Quanlil/. 


pfTloot. 


1 


■O'OSQdsa 


0-000550 


1-000 


0-78539Q 


0000509 


I 


,0'7U7a7 


0-0O0638 


1-083 


0-850584 


000585 


I 


0-768503 


0000725 


1-166 


9157T1 


0000664 


1 


■ 0821940 


0000818 


1-350 


0-981745 


0000750 


p 


0-8797 IB 


0000915 


1-333 


1-046933 


000880 


s 


0-934401 


0-001017 


1-418 


1-112120 


O-O00933 


lOO 


0080927 


0-001195 


1-500 


1-178094 


0-001031 


isa 


1-OU703 


0001236 


1-583 


1 -243983 


0001133 T 


lee 


1-009479 


001352 


1-OBQ 


1-308469 


0-001239 


rso 


1-154015 


0-001475 


1-750 


1-374443 


0001352 


133 


1-309691 


0O160O 


1-B33 


1-439630 


0-001467 


110 


1-264467 


0001730 


1-916 


1-504818 


0001586 


mo 


1-310003 


0-001867 


2-000 


1-570703 


0-001711 


)88 


1-374679 


0-009006 


2'033 


1-G35979 


0-001839 


160 


1-499465 


0-0U2160 


a-t60 


1-701167 


0-001971 


iso 


1-484803 


0-003300 


2-350 


1-767140 


0-003108 


I3» 


1-539687 


0-002453 


3-333 


1-839398 


0-009949 


Lid 


1-594442 


0-0026 11 


9-416 


1-897516 


0-003393 


iOO 


1-64087B 


0-002775 


2-600 


1-963490 


0-003543 


188 


1-704654 


0-002941 


2-583 


2028077 


0-002696 


166 


1-750430 


0-U03113 


3-666 


2-093865 


0-002853 


rsti 


1'814866 


0-003990 


2-750 


-2-150838 


0-003015 


)33 


18B9643 


0003470 


9-833 


3-225026 


0-003180 


110 


1-924418 


0-003654 


3-016 


9-990214 


003349 


i 


1-979864 


0-008845 


3-000 


a-866I87 


0-003634 


1 


' 









■F 


^ 


APPSKOli. 


^H 


1 






TABLB m.-i>Mt*, 


^^^^^1 


1 


DiineMr, 17-000 in. 
Area, sse-aao in. 


DiuBeMT.ISHMOii. ^1 
Am, 3M-ltS in. ^H 


Telscitj 


Qnratity. 


perfoM. 


VdodlJ 


Q™.«.r. 


^ 


1-000 


i'B7ea50 


00011359 


l-OOO 


1-70TUO O'OC^H 




1-083 


1-707079 


'0004 13 


1-083 


1-913819- 8'OC^I 




1166 


1-837907 


0000469 


1-166 


2 060492 


o-o^^H 




laso 


1-070312 


0-000520 


1-250 


2-208939 


9-0^^1 




1333 


2-lOlUl 


O-0OO602 


1-333 


2-355605 


0-o^H 




1416 


2-281070 


II-000658 


1-416 


2-509376 


O'O^^I 




I'SOO 


23643T5 


0-000728 


1-500 


2650719 


0-0^^1 




1-388 


2-495204 


0-000800 


1-583 


3-79730a 


0-0^^1 




1-666 


2-636032 


0-000875 


1-666 


2-944065 


D-O^^l 




1-750 


2-758437 


0-000054 


1-750 


3099505 


O'O^H 




1833 


2-889266 


0-001035 


1-833 


3-230178 


O'O^^I 


L 


1-918 


3-020095 


0-001190 


1*9 16 


3-385859 


o-o^^^l 


P 


a-000 


3-152500 


0-001208 


9-000 


3 534393 


0-CH^^I 


m 


2-083 


3-283339 


0-001298 


2 083 


3-680965 


D-Od^H 




S'les 


B-414157 


0-001391 


3-166 


3-927638 


oo^^l 




2-250 


3-54656-3 


0-001489 


9-260 


8-076078 


0-O^H 




2333 


3-677301 


0-001588 


2-333 


4-132751 


0-0^^1 




3-416 


3-808220 


0001689 


2416 


4369494 


0-fl^^l 




a-600 


3'940625 


0-001706 


2-500 


4-417S64 


0-0^^1 




2-583 


4-071454 


0-001 003 


9-583 


4-564538 


0-od^H 




2-666 


4-202282 


0-009014 


2-6B0 


4-711210 


0-0^^1 




3-760 


4-334687 


0'002ia0 


2-750 


4-859651 


0-0^^1 




2-833 


4-465516 


0-002245 


2-833 


5-006394 


o-o^^l 




S-Clfi 


4-596345 


0-00-i364 


a-016 


5169997 


D'O^H 




l'"" 


4-728750 


0-00^48? 


^^ 


Vggg 


m^M 
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TABLE nr.— «.i.(t«i«rf. 




Ares, 3{6'36I in. 


DhuMte, Sl-Om in, 
At«.. iiS-SBO in. 


' 


Q-»^ '"ti"' 


per 
tecond. 


Quantity. 


LouoflHd 

per foot. 


1" 


2-105285 , 0-000291 


1-000 


3141597 


0-0002B4 i 




2-604923 


O-0OO334 


1-083 


3-402350 


0-000299 




2-804562 


0-000879 


1-166 


3-663102 


0-000333 




3006606 


0-000428 


1-250 


3-926996 


0-000376 




3-300214 


0-000479 


1-333 


4-187749 


0-000419 




3-405883 


0-000532 


1-416 


4-448502 


0-000466 




3-607M7 


0-000589 


1-500 


4-712396 


0-000516 




3-807506 


0-000647 


1-583 


4-973148 


0-000867 




4-007204 


000703 


1-666 


5-233001 


0-000620 




4-20921S 


0-000772 


1-750 


e-497795 


0-000676 




4-408887 


0-000837 


1-833 


5-758548 


0-000733 




4-608525 


0-000906 


1-916 


6-019300 


0-000793 




4-810569 


0-000977 


2-000 


6-388194 


0-000855 




5 '0 10208 


0-001050 


2-083 


6-843947 


000919 




5-209847 


0001155 


2-166 


6-804699 


0-00098S 




5-411891 


0-001204 


2-250 


7-068594 


0-001 0S4 




S-611529 


0-001284 


' 2-833 


7-320346 


0-001124 




&-811I68 


0-001366 


2-116 


7-590099 


0-001196 




6-013312 


0-001452 


2-500 


7-853993 


0-001273 


ji C'Siasao 


0-001 639 


1 2-583 


8-114745 


0-001348 




0-412488 


001029 


1 3-600 


8 375498 


0-O0U96 




6-614533 


0-001723 


1 2-750 


8-639392 


0-001608 


3 


6-814172 


0-001816 


' 3-833 


8-900145 


0001690 


6 


7-013810 


0-001912 


9-916 


9-100897 


0016741 


OJ 7-215854 


o-ooaiia 


1 3-000 


\ 9-W41%'i 


\ (iftftVi'ifl. 




TcBBg — Lettmn m KalBial Fbilasai'bj'. 

Vntatat Ovtiau — Letlvret aod luioni Pipers and BapoiU M 

Ba|ipeeiiDg. 
Millet [W. H.)— BjdnuBtkt uii Hjdn>djiuin]a. 

Hf»s*CTJc Bivmiusq (PiucTteu.). 

EgTn — Dnt*mit!iiing»n nkor den Effekteiniger in Rhtrntind 

btitfhendea Wauetwfike. 
Wiebeking — Allgenicine hal Gt»e\xkhtt nnd Erbhrang g(gi9n 

t'lKhe PiBtiKfas WauerbsDkauiX. 
BjlelniD, Euler, it— Cornnmnicalion* to the Academ;' of Beri 
t^pcflle— ArchitHtiim Ton betlmngrn and Slurmn Hjdmilik. 
Wciilweh— HoehanicB of Hacbiner? and EnBineering (UbmIb^ 
PDiHrnbroni — Hemnria, Idcsniicbo-atorica mpru la Vnl di Chisiui 
Fuio — Intorna all' miglior uiIiidd di CDsUuxione de' Forti. 
■ — Archilectura d'AtquB. 

■_Cber dio Ueichwindigkilt du Flciemden Wiu«HL 
Caland— Hsndleidmg lol de Kennii der Dykeibouw en Zecwerii 

Verbftndeling overhet Bouwcn ranoen fori in den raODd 

■cbeldM buiten Vlluingen en breikcni. 
StlldoT — Architecture Hj-dniulique, &e. 
Snnsln — Coon de ConttrnctiDn. 
Minard — Coun do Ci>D>liuctian dei Ouirnges Hjdraiiliqiiu h 

del KiTiSrea et des Cnnaiix. Two uriei. 
Ciuhin — Mfmoire aur la Digue de Cherbourg. 
Uc Ci-wnrl — TravHui Hj-drauliquea. 
Ooulomb — KecliarchBj iur lea Ifloyenji d'eifcnter Eoua I'Ean UBi 

Tnrnux Uydmutique*. 
Andrcouy — Hiiioire du CnhbI du Midi. 
Lamblnrdie — Sur lei Cdiei de la Haute N'ormniidie. 
Peyronnet— (Eu»rea de. 
Priainrd— Hiiloire dn Port du Havre. 
^M Ghiuthey— Sur U ConsKuctioii di.'a Ponti. 

^H Morln— Aide Memoiie, &c 

^^M D« Rive— Prfeia Hiatnrique el Slaliiliqne des Onnaux, Ac, d«h^ 
^H Dilteni— Uiatoire de la Navigation Intirieuro de France. 
^^H AiiUgnier — 6iudei Prntiqnes tuc la Navigalion Inlcrieute. 
^^B Mallet — Notice inr la Diatribulion d'Enn dam Pari*. 
^^H Cfaudrl — Pnimulu L I'UwAe dei Ing^ieura, 

^^B Oinird-Mfeoioirae «« '« Cana\ 4e\0o«. 

^^KU. Chevalier— Des \o>es 4e Comia«T,v«.«™ ™.T.'{aBa.\iifc 
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ae de Fommeuse — Sur les Canauz navigables. 

—Public Works of Great Britain. 

Jand— Public Works of United States. 

t— Dry Docks of United States. 

ley — History of Inland Nayigation. 

B— Papers on Engineering. 

1 — On Bedford Level. 

nan — On Canal Navigation. 

rd — Reports and Life. 

ffe — On Canals. 

aim — Eemarks on Canal Navigation. 

s — On Improvement of Rivers. 

Dson — On Improvement of Tidal Rivers. 

Harbours. 

Tallancy — On Inland Navigation, 
'hillpotts — Report on Canals^ Canada. 
Rennie — On Harbours. 

Plymouth Breakwater. 

2WS — Hydraulia. 
actions of Royal Society. 

■ Society of Arts. 

Civil Engineers. 

isional Papers of Royal Engineers. 
:t8 on Holyhead Roads. 

Highland Roads and Bridges. 

Tidal Harbours. 

- Harbours of Refuge. 

^cal Magazine ; particularly the Articles by Captains Beecbey^ Shering« 
bam, Beaufoy, and Bullock. 

Almanac. 

le — "Water Building. 
ton — Reports. 



Irrigation, Draikaos, akd Dovestio Use of Water. 

»rt de Passa — Recherches sur les Arrosages chez les Penples Anciens. 

nit de BufFon — Sur les Irrigations. 

clopedie Roret — Idem. 

irardin — Cours i^lementaire d' Agriculture. 

el Levy — Traits d'Hygiene Publique. 

laxd — Traite de Chimie JSl^mentaire. 

as — La Chimie appliqu6e auz Arts. 

^asquier — Des Eaux de Source, et des Eaux de Riviere. 

le — Des Eaux Potables. 

mis^ — Guide du Sondeur. 

kles de THygiene Publique. 

inieri — Tratado de Agricultura. Madrid. 

■ale — History of Embanking and Draining, &c. 

Hon — Account of Elkington's System of Draining. 

hens — Draining and Irrigation. 

diinson — Practical Drainage of Land. 

iam-^NatioDal Irrigation. 
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Piirkei — On Land DninagBi 
Lowe — On Lnnded Propeity. 
Sproiilc — PrBctLuL Agricullarp. 
Rcporu on Water Supply of London. 

Sute of Large T»Wn». 

of Board of Heallb. 

Public Worlu ID Ireland, 

Dr. Angiu Smicb — ^On Air, &c., of Large Towns, in Bapoi 

Awociatian. See alia vsrioiu Papera by Dr. Boitock, 1 

Taylor, Biande, &c. 
Report by Pmreaaon Graham. Hoffman, and HilUr. 
Various Papers by Profesior Way, Mr, HsMoll, &c 

Hyphaulic MicuiKEa, bto. 

Diipin — Q^omt'trie et N^caniqoe des Arta, &c. 

Hachelle — Traill del Machinea. 

Taffe— Application de la Mfcanique. 

Coriolia— Du Cakul de I'Elfet daa Machinei. 

Bytelwein — Obacrrationa am I'Effet et 1' Application Dlila da B( 

Borgnie — Traite complet de Mecaniqpa. 

Coite— Traitf dei Bfluea Hydrauliquei. 

Fabci — Eaaai aur In Conatiuction dea Rouea Hydrauliqaei. 

ArmengBud — Dea Uoteurs HydrauHgncg. 

Gcnieyf Eaeai aur let Moyena de conduire et d'Sevw lc« VnL 

8mealon—Bipori menial Inquiry into tbe Powera of Wind tud 

BenUon^Ruay on Vertical and Horizonla! 'WindmilU. 

Wickslead— Illustrationa «( the ComiBh Engine, fto. 

Pairhaira— On Walerwheala with Ventilated Dudketa, 

Bank ea —Treatise on Mills. 

Buchanan — M acbinecy . 

Wickaleed — Deicriptinn of East London 'Watcrworki. 

Templeton— Millwright's Guide. 

Glynn — Treatiie on Watarwheela, &c, (of this Series). 

Hodge— Analytical Investigation of the High-Pressure Steal 

E»cydop6dle Ueihodiqne. 

Fournejron et Moria— Sur la Turbine (RapporU, He). 

PonixlBl — U^moires sur les Boueii HydrauliqUGs iL Aubeg ci 

Admiralty Manual of B- 



Kyde's fiydiaulic rabies. 
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let— EI^esDte de Physiqiw S^oimentate «l 4* lUltethgw. 

lontier — Sar le MooTement des Ondea. 

— Idem. 

ice — M^canique C?elette ; B^ponikm da Sytt^mt dn Muide. 

innaire des Mar^ea. 

innaire du Bmeau des Longitiidat. 

sax — Recherclies snr let BiTierss. 

Imssac^ Arago, Saussiire, &c. — On tlie BuoMtlt r . 

iadier— -Sur rSiisablement. 

m — Meteorological Essays. 

ell — Elements of Meteorology. 

aid — Climate of London. 

m — Meteorology, in Encyclopedia Britannicft. 

Mek, Whewell, Airy — On Tides, in Philosopliical Tianaactiona. 

lel — Inyestigation of Currents. 

lie — On Peat Moss. 

lall — Fresh-water Algae, &c. 

Qg — On Tides, Encyclopedia Britannica. 

Geoloot, as ooknbotbd with Htdraulio Enoineerino. 

rcliiac — Progr^s de la Geologic. 

rbigny et Gente — La Geologic appliqu6e auz Arts. 

kt — ^La Geologic appliqu^e k la Recherche des Min^rauz. 

9. I>e la Beche — Geological Observer. 

3. Lyell — Principles of Geology. 

snrille — Physical Geology. 

twich — On Water-bearing Strata of London. 

terbnck and Dickinson — On Water in the Chalk. 



Aqueducts Aim Akiiquities. 

lYius — Be Architectura. 

itmiis — De Aqueductibus Urbis Bomse. 



fci — De Aquis et Aqueductibus yeteris Eomse. 
IB — De Aquis veteribus in Urbem BomsB inflaentibof. 
ito— Boma vetus. 

nesi — De Romanorum Magnificentii. 
roni — Yestigi di Boma. 

ooese — Descripzione topographica dell' Antichita di Boma. 
ina — Great work on the Antiquities of Borne, 
atori, Graevius — Great works on Italy, 
ridu* — Origines et Antiquitates Germanise, 
rlinns — Orbis Antiqui Monumentis suis illustrati Primae Liness. 
losios — Analecta Lapidnm Tetostomm et nonnollomm in DaciH Antiqui' 
tatom. 

Itfiuicon — L'Antiqnite expliqoee. French and Latin, 
ball — Antiquities of the Prorincia Bomana. 
m — ^Encyclopedia of Engineering. 

fiz d'Agincoort — Storia dell' Arte dimoftiata coi Monnmenti. 
Wni — I Monumenti pi& interesaaste di Boma. 
ksi— YedHto di Bom. 
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Viacdot— Hni^ ie rBuropa (Art Alhamit). 

CnfliiB — Kecuail il'Antiquil^. 

DicIionnaiK Technologiqiie. 

Cunind— Eecueil et Pnrallel dei fcdifices fn torn Oenrss. 

'Wiebeking— Analjse deacnptWe iet Manan^enti de rAntiquit£. 

Delorme — lUcherchfi hit lee Aguedaca de Lynn. 

FlucbQD — Mfmolre aur trais ancieni Aqueduca de Ljoti. 

L> Borde— Lea Uonameata de la FrsDce. 

Voyage Pilloreiqne de rBipagno. 

Cleri<seHu^Aiitiquit4» de U Fiance. 

Andreoaiy — Coaslanlinople, ftc, pendant les Annecs 1S12-2C. 

Cajot^Lei AntiqniUi de Mete. 

Grandgent et Dntand— Deicription del Monument* nnliqnes da 

FlBBCC. 

Schnimke— New Tork Croton Aqnedncl. 
Murphy — Trarela in roHnjal. 
Fold — Handbook to Spnia. 
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WhceW and Span; Vernon; Teutnetort; Lucas; T!iTnmer;fl 

Harilt — Alia Minor. 
Qyliui; Bnnduri; DuCange; Pococke. — Thra^'a. 
Stuart; Fanelli; Leny; Blouet. — Ortcia. 
Ilanrolyena; Fuielliua; FDJicnLliaiia ; D'Orviile; Bijdon 



Cspacina ; Pere^naa ; WaaeUa ; Sen. de Falco 

BlainvilJe. — Ttalia. 
Vel»Brim; Beck; Sehelhom. — Vinddicia. 
Hitnaelman; Suttlar. — Ccrwanm. 
Belon; Maundrel; Pietro delln Vntlc; Le Bm 
If Ubahr. — A iiyrin . 

Velieriu>; Beck; Sohclhom.— «ui«in(iu. 



LolTreJua; Paoli; B 
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